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iﬂy The Tsarveta-Dungan Xudnku area, leocated aboulbt 7% km
L

" south of Anka Town, Sokoto State, is part of the Anka
Metasedimentary helt which lies within the ran-ifrican
mobile Lelt,.

ol
i

Mapping, at a scale of 1:25,000, has shown that the

~three major rock units of the Nigerian basement are

represented in the area. These, in order of decreasing

age are:-

| a) Graite-gneiss which forms a basement.

b) Low=grade metasediments associated with basic
metavolcanics and banded-iron=formation overlie
the basement.

c) DBiotite=-granite of probable Pan African age
is intrusive both to the granite-gneiss and
the metascdiments,

Intruding the metasediments also is a large NNE-SSW
trending serpentinite body which contains some chromite
concentrntions, The serpentinite body hnas in turn been
intruded by diorites, trachyandesite and Lamprophyre,
1:5 .l Field and petrographic evidence indicate that the
metasediments and the associated metavolcanics have been

deformed al least twice.

L4
i The mapping has shown that old gold workings are

spatially assoclated with shear zones which are thought
to be part of the fault=silicified crush-ridge system mapped
by McCurry {1978) which has been folded and is pre-granite

- in age, The regional pattern is discussed,
1.7 .
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' 1association, Cr—Ni-Co-Mg can

e &

1

-j i The potential rop gold,
:l-

and the size of the gery

|
¢
| A preliminary geochemical goil SUrvey has shoe trat
most of the anomalous values of Agy Pb, 7n ana Cu fall
into a NE=g

W trending zone wh

ich approximately coincides
with the farulte

Silicificd crush ridge systenm nentioned
above,

fj The soil SUrvey has also shown that the element
P

be used to delimit the mgfic

and ultramafic rocks, while the Fe«lMn-Co association

distinguistes the phyllites,

Biotite-granite can be
distinguisheq by rel

atively high magnesium values (not as
high as in the mafic and ultramasric rocks) and also

relatively high ealciunm values, Granite—gneiss is
o

éHéracterized by generally low content of all the elements,

chromite ang asbestos
mineralization in this geologic setting is evaluated ang

it is concluded that more work ig needed to ascertzin

whether they occur in commerciagl Quantities,

Suggested that the Search for enld should bpe focused on

the shear Z0res, The GCcurence of chiromite coneciitratinng

Pentini te body is encouragingn
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CHAPTER 1
INTRODUCTION

General Introduction

The Tsareta~Tungan Kudaku area in Anka Local
Government Area of Sokoto State, Nigeria, lies within
the Pan African mobile belt between the West African
and Congo Cratons (Kemnedy 1964, and Clifford 1970).
The Pre~Cambrian to early Paleozoic rocks of the
belt fall into three major groups:-

a) a migmatite-gneiss complex

b) north-south trending schist belts

¢) a suite of largely granitic rocks of

| Pan=African age known in Nigeria as the
"Older Granites™; they intrude both 'a'
and 'b' above,

The mapped area falls in the southern part of
the Anka bell (figure 1) one of the schist belts
and has been intruded by granite., Several gold
vein workings occur in the area and alsc a large
previously unmapped serpentinite body with some

chromite concentration.

Objectives and Programme of Work

The Tsareta-Turigan Kudaku area described in

this work is about 7% km. south of Anka town.

Reconaisance survey had indicated that a
linear array of gold showings in the region was

- coincident in part with a NNE-SSW trending regional
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structure mapped by MeCurry (1978) (sheet 75) from
air photographs as a faultesilicified crush riace,
The characteristics of this feature and its possible
genetic relationship with the gold mineralization

was the reason for the initial interest in the area,
The objectives of the project were to:-

a) undertake geologie mapping of the area and

i) in particular, investigate the NNE-3SW
trending structure

ii) carry out a preliminary investigation
of the areal extent and structural
relationships of the large NNE-3SW
serpentinite body within the mapped area,

b) carry out a preliminary soil geochemical
survey to investigate the reflection of
bedrock type and the mineralized structures,

The geologic mapping covers an area of about

130 km® which lies within the two 1:250,000 sheets,
sheet 7 and 9. It is bounded by longitudes 5° 57!'%

and 6° O0'E and by latitudes 11° 54"N ana 12° 02! 40"

tlapping was doneon a scale of 1:25,000 during
several visits between October, 1982 and February,
1983, and was concentrated mainly along stregm
valleys where good exposures, especially of phyllites,
occur. Away from the valleys, only the more

competent rocks have good exposures.
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Thin sections of selacted rock samples were
prepared and described, The mode of the rocks in thin

section was determined by visual estimation only.

Air-photographs on a scale of about 1:40,000
were very useful in supplementing the 1:25,000 basemap
used for mapping and which was prepared from a direct
blow up of the 1:100,000 topographic sheets, The air=-
photographs were also useful as guides in the general
interpretation of features and structures, Landsat
imageryon 1:500,000 was available towards the end of
the project but did not contribute any additional
useful information, The aeromagnetic maps reflect

the occurrence of the serpertinite as a linear high,

Geochemical soil sampling was carried out during
the rainy season using a hand anger., Details of
sampling and analytical procedures are given in

chapter 5,

Accessibility

Anka town lies on the main road linking Cusau
and Zuru, From Anka to the mapped area, accessibility
is good., Traversing the area are a number of minor
roads, Two of them run north-south, while three run
east=-west., All these are motorable throughout the
year except the Tsareta-=New Project road which is
rendered impassable (with a motor-vehicle) during the

rainy season because of a culvert-washout located in



f'\.! '\E A

NIGERIA WIITH LOCATION UF MAFFED

N-W-

MAP OF

Y

~

——— i Py,

17138 nidnz

-

SCALE

W00 wM

L

Fig. 1.

Basement unconformity

Cretaceous

After Woakes 1981

African Granites

Voicanics amphibolites basics and ultrabasics
Pan

canic) bells

Metosediment (and melaovo

Basement grieiss migmalite etc

Regional linears and fault - zones

¢



1.4

4
. * _
a “fadama® area., Apart from these, there arc many dry
season roads used mainly by fire-wood collectors. In
addition, there is a good net-work of foot~-paths and
cattle tracks, Traversing by compass bearing or along

drainage channels is generally possible,

Climate, Vegetation and Soils

The Tsareta area lies within the zone of tropical
continental climate with an average annual temperature
range of 18,3°C and characterized by two distinct
seasons: the wet and the dry seasons, The wet season
is relatively short and starts in mid May and ends in
the second or third week of September, The highest
amount of rain (227 mm) falls in August while the
average annual rainfall is 871 mm. Most of the rains
are shortlived and torrential. The remaining part of
the year constitutes the dry season during which there
is little or no rain, From about mid October to
January or February is the harmattan period which is
characterized by lower temperature (18 - 21°C) and
haze caused by dust particles transported from the
Sahara Desert. The months of March and April
constitute a short hot period during which the daily
maximum temperatures range between 3‘?°C and QO.SOC.

It preceeds the wet season.,

The vegetation is a function of the climate,

Tt consists of shrubs, thorn trees, a few boabab trees

L ~
# Fadama is the Hausa term for swamp or marsh,
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and low grass with occassional bare ground, During
tiie wet season, the vegetation is full, but with the
coning of the dry season, trees shed thoir leaves
while the grasses dry up. [ock exposure at this time

is good,

Different soil types have developed in this
area, Generally, the serpentinite and “"fadama" areas
are characterized by dark-grey soils of high clay
content, In the other areas there is considerable
colour variation of the soils, These include reddish-
brown, light-grey and light-brown, A few indurated
laterite patches were encountered in areas underlain

by phyllites.
1eD 1 d inage

The area consists of fairly level plains
approximately 300 m above sea-lewel, These are
interrupted in places by quartz and granite-gneisse
ridges, The highest of these ridges is the Tsareta-
ridge composed of granite-gneiss and has a relief of
about 50 m and is aligned in a NNW-SSE direction,

The area has also been cut by many gullies and stream
valleys, and has a general gentle slope towards the

north-west and north-east,

Drainage is accomplished by two sets of streams,
One set flows generally to the west and north-west,

while the other flows to the east and north-east,
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However, all - these eventually flow into the River
zamfara located to the north (outside the mapped areal}.
The QJivide coincides approximately with the HNNBE=SSW

trending serpentinite body,

Most of the streams have developed Wfadama
(flood plain) consisting of transported alluvium along
their valleys and they are water-locgged during the
wet-season, In the €ry season, both the streams and

their “"fadama% are completely dry.

The drainage pattern is generally der”ritic in
nature and across the structural grain of the bedrock,
as a result, some irregularities are probably duc to
the influence of the jointing and foliation. On the
"fadama" areas, the streams are often winding due to

low gradient,

Previous Work

The earliest geologic work in the Anka belt is
reported in geologic and economic mineral reports
including those of Falconer (1911), and Russ (1932
and 1957). Russ reports that early local gold
prospectors obtained some alluvial gold from the
Zamfara River and its tributaries, Small amounts were

alsc gained from quartz-veins

Systematic geologic accounts of the general area
are given for sheet 52 by Fargher (1961) and for sheet

75 by McCurry (1978). McCurry's work was based mainly
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or photo-interpretation. A review of the geolopy of

Norih-liestern iligeria has also been given by

‘McCurry (1976).

Ogezi (1977) undertook some detailed geologic,
geochemical and geochronological stucies in several
small selected areas with particular attention to the
ultramafic intrusions of the region, but these did
not include the serpentinite of the'Tsrrctn ~rea
which is part of the present mapped area, More
recently, Holt (1982) carried out a detailed
structural study of the Anka Belt basing such a study
mainly on evidence gathered from thrce areas: Sauna,
Anka, and Bunkasau, all north of the present study

area.
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CHAPTLR 2

GEOLOGY

Introduction

The area mapped is underlain by igneous and
metamorphic rocks of Pre-Cambrian to Lower Paleozoic
age, The dominant rock types are metapelites, granite-
gneiss, biotite-granite, serpentinite, metavolcanics
and diorites., Other rock types occuring are amphibolite,
epidote=-quartz rock, quartz-fault breccia, banded-iron-
formation, cataclastic rocks, lamprophyre, and

trachyandesite (latite).

In this chapter, the rocks are described and the

geologic history of the area is discussed in chapter 3,

Granite-Gneiss Basement

The main rock type of the basement is granite-

gneiss but other varieties are observed at the contacts,

Granite=Cneiss

The granite-gneiss in this area is restricted to
the north-western corner where it underlies an area of
about 15 kmz. Outecrops occur either as hills or as
pavement exposures, The largest hill is the Tsarcta
ridge with a relief of about 50 m and is aligned in a
NNW=SSE direction.

Typically, the granitic-gneiss is a fine-to medium-
grained streaky, hornblende gneiss with n well developed
foliation The foliation is due mainly to the
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parallel alignment of hernblende, The dominant sirike

of the foliation is §W, but it has Gifferent and often
complex strike directions, Minor folds with dominant
NNE~-38W trending axial planes are superimposed on the
foliation {plate i)}. Parts of the granite-gneiss are
banded due to segregation of minerals inte mafic and
felsic layers, Frequently portions of the rock pocsess

a granitic texture.

In thin section, DB 51, the rock is seen to be
composed of microcline, quartz, oligodase and
hornblende., :iotite, sphens, and cpaques occurr in

accessory amounts {plate ii).”~

Microcline is the dominant mineral and it makes
up to 35% of the rock. It occurs as large anhedral
to subhedral porphyroblasts soﬁetimes showing crosse
hatch=twinning, Crystals of quartz and plagioclase
are cnclosed in these porphyroblasts giving a

poikiloblastic texture.

Quartz occurs at least in two generations,
Smaller {early) rounded quartz crystals form inclusions
in microcline, oligoeclase, and hornblende, and also
occur at the interstitial boundaries of these minerals,
A later generation forms larger anhedral aystals, They
appear to be imposed on the general fabric of the rocke.

Both types show undulatery extinetion,

Oligoclase, An,, (maximum extinetion angle = 10°)
occurs as anhedral to subhedral laths showing albite

and sometimes paricline twinning, Sericitization has

-



Sketch of Plate i above showing the folds,
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affected most of the crystals and this together with

numerovs tiny inclusions gives it a cloudy appearance,

t

Green honblende occurs as anhedral crystals in
varicus sizes. It is replaced by opaques especially

along the cleavage.

Biotite also occurs as anhedral crystals., It is
:ﬁleochroic from yellow to darke-greenish brown, Some
plates have bent cleavages and therefore show a wavy
extinction, It is replaced by chlorite (light-green)

and opaques especlally along the cleavage planes,

Sphene occurs mostly as anhedral crystals, A few
crystals are exhedral with the characteristic diamond
shape. Other accessories include zdarcon, allanite

and many grains of apatite,

Granite-gneiss/Bictite-granite Contact Rock

The contact hetween the granite-gneiss and
biotitewgranite is marked by a 10=20 m wide rock
which crops out at the south-eastern end of Tsareta
ridge,

i This contact rock is a variety of the granite-

gneiss and its contact with the granite-gneiss is

gradational.

In hand specimen, it is a medium~grained equi-

granular (massive) rock with a brownish appearance,

In thin section (DB 7) it is scen to be composed
of microcline, orthoclase, plagioclase, quartz and

minor chlorite,
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Microcline forms about 354 of ti1e rock., and

also occurs as anhedral crystzls. It is often

altered to kaolin (7).

Gligoclase, An,g (maximum extinction angle = 8°)
forms about 10k of the rock, It occurs as anhedral to
subhedrzl laths showing albite-twinning, It has a
cloudy appearance due to alteration and the presence

of tiny inclusions,

Quartz is about 25% of the rock. It occurs as

anhedral crystals and shows undulatoryextinction,

Minor amounts of chlorite occur as green anhedral
crystals which are occassionally associated with

biotite,

Biotite, sphene, and opaques constitute the

accessory minerals,

Amphibolite

Amphibolite occurs as large (up to 5 m) xenolithic
blocks within the serpentinite and is probably a more
mafic component of the basement complex. It is dark,k
shiny-green, massive and coarse-grained, It is ‘
occassionally covered by a dark-brown ferruginous

crust,

In thin section (DB 107 and DB 119) it has a
granoblastic texture (plate iii) with hornblendc
making up about 80 to 85% of the mineral assemblage,

This occurs generally as randomly oriented ragged
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plates. Basal.sections'show the two characteristic
cleavages intersecting at 124° and 56°, The maximum
extinction angle, C/¥ , in longitudinal section is

28°, The pleochroic scheme is as follows:

yellow or pale yellow brown

@
s
1

fioe = green
y 3 = Dblue-green
Fresent also is clinozoisite which in thin
section (DB 119) makes up to 11U of the rock. It
is colourless to pale~-yellow with weak pleochroism,
high relief (higher than bornblende) and shows

anomalous interference colours. It is zoned.

A light-coloured mineial, plagioclase (7},

occuring as tiny velnlets, together with sphene,
constitute about 5% of the rock.

2.244 Epidote-Quartz Rock

L
h
(W

This rock was found in only one locality about
& km south-west of Tsareta ridge, in the western
part of the mapped area., 1t occurs in a iault zoune
(indicated by the presence of a fault-breccia close
by) which, =~ & - © . 1s located close to the
contact between the granite-gneiss and bictite=granite

(fipure 2).

f o The rock outcrops as a low blocky ridge about
L

3 m high and extends for about 350 m in a NNE

direction,
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In hand specimen, it is a hard, lightegreen nnd
medium-grained rock with an even-grained texture,
Thin section stuny (DE 19) shows that it is composed

of quartz and epidote,

Quartz makes up to 706 of the rock and occurs
as large anhedral crystals showing undulefofyextinction,
Some crystals contain tiny opaque inclusions and may

be cracked.

Large epidote crystals have been subgrained
giving several small crystals, The cpidote is
biaxial negative and has a 2V angle of 80 , It is
weakly pleochroic from cclourless to pale~yellow,
Zening is common especially in the large crystals and
is indicated by different interference colours within

the same crystal,

2,245 Quartz-Broeccia

This rock occurs about 200 m south~szast of the
epidote~quartz rock described in the previous section
(2.,2.4). 1t occurs as boulder float over « zone 3 m

by 250 m aligned in a 030° direction,

Weathered surfaces are reddish-brown, Fresh
samples however reveal white angular fragments of
quartz set in a very fine-,ralned motrix of quartz.

Thin section study (DB 92) shows a highly

brecciated rock consisting almost entirely of guartz,
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Quartz clasts have been broken up (figure 3). ‘These

contnin numerous opaque inclusions,

Chlorite, plagioclase and zircon occur as

accessory wminerals.

Metasedimentary and Metavoleanic. Rocks

Low=-grade metasediments are known to occur in
essentially M~S to NNE-SSW trending belts in Horth-
Western Nigeria (figure 1). In the present area
which forms part of the Anka belt, metasediments
underlie about g0 km2 or about 70% of the total area

mAappaed,

The dominant rocks are phyllites. Small areas
however are underiain by slate, schist and meta-
conglomerate, These minor rock types could not be
mapped as separate units and they are grouped or
mapped with phyllites on the geoclogical map, but

they will be described separately in the text,

Described in this section also (and shown on
the geological map- figure 2) are the Dumi Cataclass i

rucks, netavoleanics, .and the banded=iren formation.

Compared with other rock types, the rocks
described in this section are among the most
susceptible to weathering., With the exception of
the metavolcanic and the banded-iron fermation, most
outcrops are found along stream valleys, gullies and

recad cuttingss Away from these areas, they are mogtly



QUARTZ - BRECCIA

Angular fragments of quartz set in a fine-

grained matrix of quariz
Skelch from thin-section DB 92

Fig 3
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hidden ULeneath the surficial soils, When they do

outcrop however, it is due to thelr partial indvration
by the introduction of siliceous material. L few
other outcrops are prescrved by the association of

abundant quartz in phyllites,

Phivilites
These are fine-grained and highly-~fissile rocks,
There is a prominent steeply dipbing foliaticn (with

dips east or west) which strikes in a NNW-NNE range,

The phyllites show a wide colour variation from
grey to greenish cor yellowish-grey or reddish to

purplish«brown, When fresh, they have a =~ . 3sheen.

Many samples have compositional banding. The
tends range in size from a few millimetres to 2 ciu,
Essentially, they are made up of alteinating davk
and light, pelitic and.psammitic or micaccous anl 1zss

micaceous bands.,

In thin section (DB 95, DR 122) the phyllites

“have a lepidoblastic texture and are composed

essentially of muscovite and quartz. Chlorite mey
maka up to 5% of the rock, Calcite, plagioclaso
(albite ?) and opagues constitute the accessory

minerals,

A sample, DB 122, from the north-eastern part of
the mapped area contains disseminated crystals of
pyrite, The thin section of the same sample shows

that opagues constitute about 10% of the rock,
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The foliation is defined by the alignment of
mica and quartz crystals. This has Turtber been
emphasized in many placeé by the compositional ¥ ~ding
described above, About 23 km west of Tungan Kudaku
village,at a river confluence, sample DI 95 indicates
that the phyllite has been crenulated by a later

deformation (plate iv).

Eaét of the south-eastern corner of the Tsareta
ridge is an area {less than % kmz) underlain by -
silicified phyllite, This is located approximately
at a granite/pnyllite contact. This rock is fine-
grained, massive and hard with essentially the same
foliaticon as the normal phyllites., It is light prey

to grey in colour,

Slntes

Blates underlie two sﬁall areas. One area lies
about 1 km north of River MaiTalba. The other is
about 1% km east of the Tsareta-Tungan Kudaku road
along the Zureurfa River. They are dull-grey and very
fine-grained with good cleavage. They are relatively
harder and more resistant to weathering than the
phyliliites, Weathering especially along the cleavage
has produced prevalently 010° trending and stecply

dipping outcrops.
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These occur in a pit located 500 m west of the
Tgareta-New Project road junction, and alseo along
the river valley west of Dumi I,

The rocks are highly weathered., aAlignment of

coarse muscovite flakes pives o distinet schistesoity,

Metaconglomerates and Psammitic facies

Poorly sorted coligomictikmetaconglomerates out-
crop 2 km east of the Tungan-Kudaku~New Project rcad

Junction,

The matrix is phyllitic and the strike of the

foliation is comformable with that of the surrounding

phyllites.

The clasts range in size from fine sandy grains
to up to 10 em in their long axes (plate v). 'They
are well rounded and generally have a low sgnhericity,
They nccur with their long axes aligned parallel to

the foliation of the matrix.

In a thin section (DB 106) of the largest clast
found, 2 granitic mineral assemblage 1s observed.
In it, plagioclase is the dominant feldspar and hos
been highly altered mainly to sericite. Some of the

large crystals ericlose quartz

L

grains giving pokiloblastic texture.

Orthclase occurs as large pophyroblasts which
have been highly altered to sericite. The other
K-feldspar is microcline which is less altered and

is microperthitic,

. ey, -t
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There are two generations of quarvz, waw
censists of small crystals which are mostly znclosed
in the feldspars or occur interstitially zloag the
boundaries of the large quartz crystnls whiclhi belong
to the younger generaticn, The larger quart

crystals are craked anc show undulgley extinction,

Muscovite is common and occurs along graip
boundaries of the minerals,and to a limited ext¢nt,

as an alteration product of plagioclase,

Chlorite, biotite, sphene, and opaque minerals

occur as accessories,

Towards the south, about 300 m, the meta-
cenglomerate grades laterally into an area of
essentially psammitic facies, The rock;in hand
specimen,is seen to be composed of quartz and
feldspar grains which, at first sight, gives the

appearance of a foliated granite,

Quartz pods, veins and ridges

Quartz occurs within the metasediments mainly
as concordant peds (figure 4) veins and ridges.
Quartz pods have a near vertical long axis and on
the surface, they measure up to 25 em in the long

dimension.

Quartz veins are often continuocus with the
quartz pods along the planes of foliation of the
phyllites, A few veins however cut across the

foliation,
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Fig. 4.

SKETCH OF QUARTZ PODS AND VEINS IN PHYLLITE
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Quartz ridges form distinct tovorraphic features
(up to ©00 m long and about 30 - 40 m high). Some of

these ridges are associated with phyllite.

Guartz-float is ubiquitous over most of tbhe
metascdimentary areas having been released from the
pnyllite because of the great disparity in their

susceptibility to weathering.

Fresh quartz is milky-white and occassionally
contains disseminated anhedral to cubic crystals
of pyrite (brass yellow). Quite often however, it is
stained reddish=brown with limonitic material on the
surface, along joint planes and in cavities. oOmall
euhedral crystals of quartz occassionally occur in

tabular vugs.

2.3.6 Dumi Cataclasitic Rocks
A group of cataclastic rocks occur over a zone
about 150 m wide around Dumi I. It is thought toc be
part of a regional shear zone mapped by McCu—ry

(1978) as a fault-silicified crush ridge (s~2e 1.2).

In the field, the cataclastic rocks are medium
to coarse-grained with a gneissic aspect, The
foliation is defined by the alignment of elongoted
grains of quartz and feldspar (plate vi).

Small drag folds of quartzveins with horiz-~+~7

fold axes occur in a few vertical sections (piate vii),
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The contact of these rocks witi. ti.e surrounding

phyllites and schists are gradationail,

Metavolcanics (or Amphibole schist)

Py
S
——

Metavolcanics occur in subparallel to parallel
discontinuous lenses interbedded with hvilites in
the eastern part of the mapped area (Uigure 2)., In
the field, they occur generally as low-lying outcrops,
but a few outcrops composed largly of boulders
attain a height of about 5 m, The larzest outcrop
located about 500 m south of the eastern Tungan
Kudaku junction, is a north-scuth trending ridge
akbout 100 m long. The metavolcanics are fine to
medium-grained, dark-green to greyish-green and well
foliated rocks. When weathered, they have a dull
appearance and are friable., The fcliation is
comformable with the essentially northe~south
striking phyllites with which they are intercalated.

Folds with steeply dipping axes (plate viii)
are well preserved in several outcropz, Thay range
from tight to open, and harmonic to disharmonic
folds of various sizes. Quartzveins lving parallel
to the foliation have also been folded with the
metavolcanics, In one location, portions of the

metavolcanics are ovoid=shaped and nre coarse-grained,

In thin section (DB 24, DB 35, DT 41 and DE 124)
the rocks are composzed of amphibole (60 = 80%) with
variable amounts of calcite, quartz, aandesine, An52

(extinction angle = 150), epidote, and opaques,
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The amphibole consists of bladed ard accici lar
crystals of actinolite which are aligned to give lhe
rock fcliation, It is pleochroic rrom green to pale-

brovnish-green,

Calcite occurs in two sets of veins with
granoblastic texture., One set lies parallel while
the other cuts across the foliation. The proportion
of calcite varies from place to place and within
the same sample, For example, in DB 35 there is
no calcite, but in DB 24 it makes up about 30% of

the rock,

Quartz and andesine are partially segregated
frow the mafic minerals to give a microbanding.
The bands are not persistent and several of them
pinch out or are transected by wider bands, A few
leucocratic veins cut across the foliation, Quartz

shows unduLﬂmj extinction,

Epidote granules are present in many sections,
Generally, they are colourless, but yellow (iron
rich) patches sometimes occur in the same crystal,
Under © cross-nicols, they exhibit variable
interference colours., Actinolite laths occassionally

wrap round a single crystal of epidote,

Banded-lrcen Formation

Outcrops of this rock occur as north-south
trending lenses interbedded with phyllites and

metavolcanics in the eastern part of the mapped
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area, They lie within the area def ned by the two
limbs of the metavolcanics described in the previcus

saction,

In nand specimen, they are fTine to mediunm..rained
—4v

dark-pgrey to dark~reddish-brown and weaklygqor massive
rocks, One sample has a minor fold which appears teo
be sheared out, They sore composcd of
quartz (70%) magnetite and/or hematite. These
minerals have been sheared and their alignment
imposes the foliation., Weak banding is shown by the
partial separation of quartz from the ircn-minerals

(opaques), Late quartz occurs in veins cutting

across the foliation.

Serpentinite

In the Tsareta area, serpentinite occurs within
a NNE«SSW trending zone about 15 km long and up to
1 km in the widest part. McCurry (1978) had, from
aire-photo-interpretation, mapped the serpentinite
body as a granite, 1In July 1981, it was first
identified during reconaissance fieldwork (Woakes,

personal communcation),

In the field, outcrops are generally low-lying,
but may locally attain a height of 10 m, They may be
bouldery or consist of elongated bodies which are
essentially parallel to the regional trend of the

surrounding phyllites,



28

Vhen fresh, the serpentinite is a dense, darke
green rock, lost outcrops are weathered to a lirht
green or greyish-green colour, A few outcrops have
been silicified on the surface and are consequently
hard and less susceptible to weathering., They are

dark-grey or orange=brown,

The serpentinite is commonly transected by
asbestos veins and a later generation of chalcedonic
quartzveins., These veins weather more slowly than
the serpentinite to produce the characteristic honey-

comb structure on the surface of the rock (plate ix).

In a few parts some boulders of the serpentinite
show a foliation, O©On one outcrop, the strike of the

foliation was measured as 020° with a dip of 75°E.

The contact between serpentinite and phyllite
was nowhere observed, but phyllites closeby show no
contact metamorphic effects, The contact is thought

.to be sharp without alteration,

Large xenolithic blocks of coarse-grained
massive amphibolite occur within the serpentinite

body (see section 2.2.3).

Diorites and trachyandesite have intruded the
serpentinite body., They are described in section
2.50
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Several massive lenses or pods (about 2 m long)
consisting predominantly of chromite and some
magnetite and ilmenite occur in the serpentinite.

Partially formed layers of chromite were observed.

Thin section study (DB 12, DB 12a) shovs that
the mineral assemblage consists essentially of
antigoerite, 75-804 and anthophyllite, 27 - 254,
Antigorite occurs as fine lamelae forming a matrix
in which the anthophyllite is set, Anthophyllite
occurs as vellow prismatic crystals (plate x). Tt
shows straight extinction and anomalous birefringence
colours. Along the edges and cross-~fractures, it is

studded with opaque-grains, probably of magnétite.

lder Uranite Suite

This is a group of intrusive rocks in this area
witich, apart from some local structures, asre largely
undeformed. They are regarded to be the youngest

roclts in the ares,

Deformed Diorites

Thesge occur in the central part of the
serpentinite body in a zone extending for about 1% km
long in a north-sou*th direction, They are weathered
and consist of low-lying ocuterops. In hand specimen,
they are medium-to coarse-grained with dark-green
and light=coloured minerals {most probably amphiboles

and feldspars respectively) aligned to give a distinct

north=south linear fabric,
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Undeforme@_ﬁiorites

These 2are more wide-spread and more abundant
than the deformed diorites, They arc wedium--to
coarse-grained variegated green to grey-green rocks
with an equigranular texture., They occassionally
occur as rounded boulders due to spheroidal

weathering.

In thin section (DB 13) they are seen to have. a
subhedral=granular texture and are compos~’ of horn-
blende, endesine, orthoclase and quartz, wh’le cpaque

minerals and epidote occur as ascessories (plate xi).

Hornblende makes up to 60 of the rock and
occurs as anhedral crystals, It has the following

pleochroic scheme:=

~, = green
/;, = Dbrownish=green

X = brown

The hornblende is occassionally altered to epidote

and to opague minerals especially along the cle:svage,

Andesine, Anyg (maximum extinction angle = 25°)
constitutes between 25% and 30% of the rock and is
the dominant feldspar. It occurs as anhedral to
subhedral laths showing characteristic albite
twinning., It is often altered to sericite and

contains several tiny opaques,
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Orthoclase is less than 10¢ of the rocx. It is

anhedral and altered, especially at the marginal

areas, Lo kaolin (7).

Trachyandesite (Latite)

This usually occurs as loose boulders. i one

locality, about 2% km east of Zurzurfa I and along

the southern major tributary of the River Ziazurfa,

it occurs as a dyke cutting through the undeformed
diorite, The rock is usally grey-green and

porphyritic,

In *hin section (DB 96) it consists of
phenocrysts of sanidine and rhythmically zoned and
twinned plagioclase (plate xii) set in a fine-grained
matrix (plate xiii). The sanidine has cracks and
shows undulatery extinction, It can be mistaken for
quartz, but cohoscopic examination proves that it
is biaxial negative., All the phenocrysts have a
dense rim of mafic minerals, The main mafic
mineral in the matrix is amphibole, Chlorite
is also present, but as an accessory. The light
coloured minerals in the matrix are probable

feldspars,
|

Hornblende Lamprophyre

This rock occurs in this area as loocse houlders

{up to 50 cm) within a 2 m wide by 30 m long zonc,

 Its fiecld occurence indicates that it is a dyke
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cutting serpentinite. 1Its northern end i= bhordered

by an undeformed diorite intrusion (figure 2),

In hand specimen, it is a darkegrey, Iine-
grained, porphyritic rock. The phenccrysts

ccunsist of randomly oriented needles,

In thin section, the rock is seen to be
composed of idiomorphic phenocrysts of green
hornblende set in a fine-grained matrix, The
hornblende commonly shows zoning indicated by the
occurence of different birefringience colours between
the outer and central parts in the same crystal,
Twinning is also common. See plate xiv for simple

and cross-shaped twins,

The matrix is composed of amphibole,
clinozoisite, and feldspars. The feldspars have
simple twins, but the laths are too fine to enable
a specific identification, A hornblende-plagicclase
lamprophyre is known as spessartite, wiile that
containing K-feldspar is known as vogesite (Hatch

et al 1972 and Nockoldg et al.1978).

Pictite=Cranite

Biotite-granite underlies an area about 4 Yem®
between the granive-gneiss to the west and the
phyllites to the east., This rock occurs as
bouldery outcrops or as pavements mostly along

strenm channels, In some places e.,g. along the
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Zurzurfa river channel, the rocks zre strongly

weathered, Spheroidsl weathering is active

{plate xv).

The rock is typically coarse-grained with an
eruigranular texture, It occassionally countains
' dark, fine-grained, biotite-rich xenolithic
inclusions, In one locality, the contact with
granite=gneiss is exposed, It is a typical example
of a chilled intrusive margin. Here, the biotite-
granite is characterized by:-

a) abundant xenoliths of granite-gneiss in

various stages of assimilation (plate xvi)
t) a finer-grained texture

¢) a higher percentage of biotite (up to 29%).

The major component minerals of this raock are
microcline and/or orthoclase (30 - 35%), quartz
;(25 ~ 30%), plagioclase (15 = 20%) and biotite
.(about 100%). Accessories include hornblende,
sphene, epidote, apatite, zircon, sericite and

opague minerals,

In 2 thin section (DB 49) made from a sample
obtained from the contact zone between the biotite-
granite and granite-gneiss, microcline is absent,
and the only K-feldspar is orthoclase, In other
areas the two feldspars occur together, with
‘microcline being the more abundant, Microcline

usually occurs as large crystals up to 3 mm in
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size and shows the characteristic cross-hatc™
twinning. Orthoclase also occurs as large crystals

and shows incipient alteration to clay minerals,

he plagioclase is o i
1e plagioclase is oligoclase, ﬁn28 ( maximum

extincticn angle = 1&0) and shows fine polysymthotic
alvite twinning. Plagioclase occurs in all sectlons

examined,

Quartz occurs as anhedral crystals which are
either enclosed #a feldspars or as single large late

crystals, bBoth show undulous extinction.

Biotite is usually the dominant mafic mineral
and occurs as anhedral laths which are quite often
replaced by quartz, plagioclase, chlorite (light-
green) and opaque minerals., The opagues can be
gseen studded along the edges and the cleavage
(figure 5), Biotite is pleochroic from brown to
brownish-green and is corroded by the felsic

minerals,

A few ragged crystals of hornblende occur
associated with biotite, It is pleochroic from

dark-green to pale-brownish-green.
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Biotite being corroded by quartz and plagiociase.
Biotite s also altered to gpaque minerals.
Skeiched from thin section DB. 49.
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CHAPTER 3 =

GECLOGIC HISTORY

Structures

The metamorphic rocks in the area mapped are
well-foliated with a distinct north-south regioral
trend in conformity with the structural grain of
the country. The north-south trend is considerecd
to represent the imprint of the Pan-African evenrt
which is the last major tectonic event to affect the

Nigerian Basement,

In fhe fidd, several generations of small-scale

structurcs (foliation, folds and lineations) were

observed, but no detailed investigation of them was

made. Some of the structural elements are described

below,

Foliation

A well developed foliation is preserved in the
metasediments, metavolcanics, and granite-gneiss.,
This foliation is defined by the parallel alipgnment
of platy minerals (micas), quartz, and fcldspars.

In the metacongiomerate, the granite-clasts are
elongated and aligned parallel to the same foliation,
A foliation is also developed in the banded-iron
formation, Parts of the serpentinite body show a
foliation. The Dumi cataclastic rocks are
characterized by a strong foliation which makes the

rocks look flaggy.
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The foliation in the different rock types
strike NNW«3SSW with subverticol dips. This
foliation is locally scen to he deformed py later

mOVemnents.

A compositional banding occurs in soveral

f r;places in the metapelites, especially the phyllites,
It is not clear whether this banding represents

i brimary layering or metamorphic differentiation,
Shandelmeyer (personal communication, 1983)
suggested that it is often primary layering wnich
is parallel to the metamorphic foliation. In one
locality, along a stream (flowing from east to
west) in the most norther part of the mapped area,
the metamorphic foliation was seen to be oblique to
the banding indicating that the observed banding
is most probably primary layering. Transposition
of bedding may have been important in producing
some of the banding seen in some of the rocks

(Egbuniwe, 1982),

Lying parallel and along fhe foiiation planes
of both the metasediments and metavolcanics are
quartz veing which are often impersistent, ‘The
quartz veyns are probably the product of

~ metamorphic sweating (Boyle, 1979).

3.1.2 Lineation

Crenulation lineation is common on the foliation
surfaces oI the phyllites. It plunges moderately,

up to a maximum of 0300, to the north or south,.
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The crenulaotion is due to a later deformaticn.

In the cataclastic rocks, a strong rodding

linertion is present (plate vi).

Mineral lineation is shown by the deformed
diorite (section 2.5.1} due to alignment of
hornblende crystals., It has a north-scuth trend
wnich i1s parallel with the foliation observed in the

metasediments,

Minor Folds

Folds are observed in the metavoleanics and
not in the phyllites with which they are interbedded.
The folds have steeply plunging fold axes, The
various geometric froms (some shown in plate viii)
include tight to open folds, isoclinial to

assymetric folds and cherron folds.,

These folds are considered to have resulted
from a later and less intense deformation than that
which produced the commonly observed nortn-south
regicnal foliation of the area. The absence of
these folds in the phyllites, can be attributed to
the difference in competence between the two rocks
i,e. whereas, the folds were formed in the more
competent metayolcanics, the same did not form in

the phyllites with relatively lower competence,

Folds are also observed in the granite-gneiss
(plate i), These are considered toc have formed after

the folintion observed in the granite-gneiss,
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Dragfolds with horizontal fold axes are prescnt
in the Dumi cataclasitic rocks (plate vii). They

waere probobly produced by shearing.

3.1.4 Largc Scale Strictures

A large=scale linear shear zone traversiig
the arca in a NNE-SSW direction was recognized Ly
McCurry (1978) from air-photo-interpretation, In
this work, air-photographs were also examined and
the shear zone mapped, Though McCurry, at a scale
of 1:250,000, mapped the zone as @ straight line,
the present mapping, at a scale of 1:25,000, shows
that the zone which is marked bty discontinuous
quartz ridges and the Dumi Cataclastic rocks, is
folded, Some of these ridges have an intricate
network of a second generation of vein-quartz

considered to have been emplaced after shearing,

The quartz ridges appear to have been folded
by the intrusion of the biotite-granite body
immediately west of the shear zone., One of the
quartz ridges can be traced through an arc of 320°
to 020°, Two others have trends of 315° and 045°,
This implies that the shear zone is older than the
biotite=granite body considered to be of Pan African
age, However, fur+her north, outside the mapped
area (figure 6) a parallel shear zone perhaps of
the same system, cuts the Pan African Maiinchi

granocliorites dated as 680 m,y. (Ogezi 1977).
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This suggests that the shear zone represenls an
ancient linearment along which movements re-’occurrffe)

in 1ate or post Pan African tinmes.

In a later section (3.3.3; evidence for the
emplacement of serpentinite by tectonic procesces
i3 discussed both for the mapped area and on a

regional basis, _ o .

In the western part of the mapped area, abopt
& km south-west of Tsareta ridge, a fault zoné,'
indicated hy the occurreadd of guartz breccia
(2.2.5) is located Just east of the granite-gneiss
outerops, Though no phyllite crops out, the fault
appears) from the field mapping,to mark tne contact

between the granite-gneiss and the phyllites,

Largelscale fofms reéognized in air-photographs
and later verified by ground mapping are the NNW-SSE
trending Tsareta ridge, formed by granite-gneiss,
and guartz~phyllite ridges with trends varying
little from northesouth.

Also from the air—phofogréphé,_1arge—écale
folds are observed in the phyllites both east and
west of the serpentinite body in the southern half
of the map. IHowever, due to lack of good exposure
and distinct marker horizons, these folds could not

be defined in the field,
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The generally parallel north-south: trending
lens-shaped metavolcanic bodies occuring cast of
the serpentinite body probably represent the two
limbs of a fold with a surface interlimb distance
of up to 500 meters. From the map, figure 2,
probable fold closures occur in at least two places:
one is located about 500 meters east of the Tsareta-

New~Project road junction, and the other about

4,5 km south of the junction,

Vetamorphism

Apart from the biotite-granite, tne undeformed
diorite, trachyandesite and lamprophyre, all other
rock units are metamorphic rocks, Index minerals
are unfortunately lacking, Therefore, the mineral
assemblages are compared to those of tlie Barrovian
region (Harker 1932). From this, it is conc¢luded
that the granite-gneiss has been metamorphosed to
the amphibolite facies, while the metamorphic
grade of the metasedimentary and metavolcanic

rocks is the green schist facies (Table 1).
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Table 31 Mineral assemblages and metamorphic  facies of the rocks

P SR

rRock Mineral Asscmblage facies

Granite~Gneiss | Microcline, oligoclase,

-

Amphibalite
quartz, green~horn lLilende

cm— - - . e

I1pt1m0rp.40 i
!
l'

Phyllite Quartz, muscovite, |{Greenschist

albite (9) and pyrite

L

Metavolcanic Actinclite, calcite, Greenschist

epidote, quartz andesine

e ———

343

The sharp difference in the metamorphic
grade between the granite-gneiss (amphibolite
acies) and the metasedimentary/metavolcanic
rocks {(green-schist facies) provides evidence
that metamorphism in the Tsareta-Tungan Kudaku

area is polycyclic.

Bvidence of rock flowage indicates trhat the
temperature d'.ring the high grade metamorphism of

the granite-gneiss was high.

Evolution of the Area

Field relations and metamorphism indicate
that the rocks in the area mapped are of widely
different ages. Like in other parts of the Nigerian
Basement, the granite-gneiss is considered to be the
oldest rock which is overlain by the metasediments.
Both the pgranite-gneiss and the metasediments have
been cut by biotite-granite considered to be of

Pan=African age, In the central part of the mapped
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area, a N/E=SSW trending serpentinite body cuts
the metasediments and has in turn beer intrudad

by diorites and 2 lamprophyre cdyke -~ fisure 2.

Cranite=Gneiss

The contact between the granite-gneiss and
the phyllites is nowhere observed, The contact
has largely been intruded by biotite-granite and
in an area, about 6 kilometers south-west of
Tsareta ridge, the contact appears to be marked
by a fault - figure 2, The nature of the contact
between the migmatite-=gneiss complex and the
low=grade metasediments of the Nigerian Baseinent
has been extensively discussed by many authors,
Truswell and Cope (1963) mapped the 1:250,000
sheet 31, and on finding no evidence for an
unconformity, proposed that the rocks in the
area , and possibly in the whole of North-Western
Nigeria and beyond, belong to what they termed the
(Gwarian, Couplex formed during a single orogenic
cycle, However, unu3 authors (e,g., Russ 1957,
McCurry 1976 and Ajibade 1980) now favour the
view that the metasediments lie unconformably on
the migmatite-complex., Ajibade (1980) has,
during the study of the 2Zungeru region, stated
that the unconformity has been obliterated by

deformation to form the Zungeru Mylonites.,
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In the Tsareta-Tungan Kudaku area, the
granite-gneiss has been metamosphosed to the
amphibolite facies, while the metasediments attain
only greenschist facies, It is sugegested that the
metamorphism of the metasediments occurmd after the
higher—-grade metamorphism of the granite-grieiss

which is a regional phenomena and is thwe older rock.

Radiometric age determinations were not carried
out during the present work, but data from other
areas of the Nigerian Basement show that gneisses
are as old as the Archean, 2,1b.y. or older (CGrent
1970 and Ogezi 1977), while younger dates are
interpreted as representing later orogenic events

(Grant et al, 1972).

McCurry (1976) has proposcd that gneisses in
the Nigerian Lasement Complex were derived from
ancient metasediments, referred to in the literature

as the QOlder Metasediments of probable Birrimian age.

Gneiss and amphibelite xenolithic blocks found
in seprpentinite are considered to have been sioy”™

from the granite-gneiss basement.

A* the south-eastern end of Tsareta ridege the
granite~gneiss grades into a massive equigr.aular
felsic material near the contact with brotite-
granite, This maybe due to thermal rccrystallization

(contact metamorphism),



3.3.2

49

Hetasedinments and Metavolcanics

Fine=grained pelitic rocks conatitute the
predominant metasediments in the Tsarcta-Tungan
Kudaku area and arc indicative of deposition in a

moderate to deep and quiet water environment.

The metaconglomerate and the psammitic facies
probably represent shallow-water sediments, The
well=rounded granite-clasts in the metaconglowmerate
indicate long distance transportation, or long

period of reworking,

The metavolcanics in this area are considered
to have been emplaced at the same time with the
metasediments. They are 50 - 100 meters thick,
but the contacts are not exposed and it is not
clear whether they were emplaced as sills, flows
or pyroclastics. Some oveid structures found
south of the Tungan~Kudaku Jjunction are
internreted asg possible submarine pillows,

Bar (1982) and Egbuniwe (1982) have reported the
oceurence of pillows from the Maru Belt which is
adjacent to this area. The mineral composition

of the metavolcanics is actinolite, calcite,
epidot., quartz and andesine. This suggests that
the origzinal rock has a composition in the basic -

intermediate or basalt - andesite range.
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The banded-iron formation has a close sratial
relationship with the metavoleanic rocks and
sugpests that it 13 a submarine volcanogenic
exhnlative laid down on a brsin floor of

predominantly pelitic sediments,

Quartz veins, pods and ridges in phyllite
and metavolcanics oftern mpresent excess silica
produced during the low-grade metamorphism of the

Area.

The major controversy surrounding the schist
belts is the age of deposition of the original
sediments and deformation. BNMeCurry (1976)
suggested that deposition occured during the
Katangan (100 - 800 m.y.) and metamorphism during
the early stage of the Pan-African event; aboutl
850 ~ 650 m.y. ago. However, an isotoplc date
in the phyllite of 1090 m.,y., obtained hy Ogezi
(1977) from Maru area indicates that the meta-
sediments are as old as the Kibaran. Younger ages
in the phyliites are interpreted as representing
cocling dates of the Pan African event (Ajibade
1980},

The granite-clasts in the metaconglomerates

indicate pre-Pan African granites in the basement,

The metasediments, commonly referred to in
the literature as the "Younger Metasediments®

were formerly thought to be relicts of a once
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continuous supracrustal cover laid down on the
pasement nnd later infolded and metamorphosec
along with it (Russ 1957 and McCurry 1976).
However, lithologic and structural differences
between the metascdimentary belts introduces the
possibility thatl the metasediments way have boen

deposited in separate basins (Ajibade 1980),

3.3 Serpentinite

The age of emplacement of Mallam Tanko
serpentinite, about 150 km east-south-cast of the
present area, has been discussed by Bap and
Glaeser (1981) and they concluded that the body is
vounger than the Pan-African granites, This
conclusion rests on two lines of evidence:=

a) the occurence in the serpentinite of

undeformed granite xenoliths purported
to b2 of Pan African age,

b) the reported absence of north-south
’an=African deformation structures in
the serpentinite,

In the Tsareta-Tungan Kudaku area where the
granite, of assumed Pan African age, is also
undefermed, the serpentinite is deformed locally
by northe-south structures, Furthermore, the
intrusion of the biotite-granite in the area
appears to have deformed the fault/shear zone

systen of which the serpentinite is part,
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Theprcefore, it is suggested thet thi: serpentinite

in this area is older than the biotitee-granitc,

The physical state of serpentinite at the
time of emplacement has been extensively
discussed by other writers (¥rauskofp 1967,

Bapr and CGlaeser 1982, Nockols 1976 and Hatch ¢t al
1972). The occurrencs of massive and partially
layered bodies of primary chromite in this
serpcntinite shows that the parent material once
existed as a true magma which allowed for gravity
settling ¢f the cummulates, Experimental studies
in the system Mg0-5i0,-li,0 by Hess (1955) and
cited by Hatch gt al (1972) show that forsterite
and enstatite (main constituents of peridotite)
remain crystalline at temperatures above 1,000°C,
This means that a magma of dunite or peridctite
exists at extremely high temperatures and when
intiuded into crusted rocks should produce
intense contact metamorphic effects, These
features are not exhibited in the Tungan Kudaku

ares.

Hatch et al (1972) further pointed out that
olivine remains stable down to 2 temperature of
500°C in the presence of any amount of water
before it is altered to serpentinite, Serpentini-
zation is essentially a hydration reaction leading

to increase in volume, Coleman (1971) eiting
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Nicholas (1969) states that the volume ineresse

during serpentinization can be up to 58 in
dunites, This volume increase coupled with the
low density of the rock may have ensurvd upward
displacement, This was facilitated by the
incompetence and therefore lubricatinz nature of
the scrpentinite at its contact with the surrounding
phyllites, Stress generated by movements at the
contnct were not easily transmitted into the main
boay of the serpentinite wnich therefore remained
largely undeformed, The occurence of a few
clearly deformed parts of the serpentinite can be
attributed to movement along local planes which

have cut through parts of the serpentinite body,

The increase of volume accompanying the
serpentinization necessarily led to thne development
of internal expansive stresses, As the serpentinite
body ros¢ up, lithostatic pressure diminished and at
a certain level the expansive force became the
greater force which resulted in free expansion,

This led to the formation of dilatant fractures
which have been infilled by asbestos. Fracturing
cccured in two stages, The later fractures were
infilled by chalcedonic quartz., This is an
indication that the serpentinization was not just
a simple hydration, but also involved the mobiliza=-
tion of some silica, It further indicates that

the process was not completed at depth, but was
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centinucus right through to the final caplasocuent

af the serpentinite body at the present upoer levels,

Onz sample of the serpentinite examined in thin
section (DE 115) shows that hornblende is the
deminant mineral, The same sample has cross--fil
asbestos, The rock was possibly also formed by

hydration (Wyllie 1970),

From the foregoing discussion, it is suggested
that the serpentinite body in this area was
emplaced as a relatively cold intrusion with the
serpentinization having started at lower levels,
This implies that the serpentinite was tectonically
emplaced and that there was a structural weakness
alscng which movement took place, Furthermore,
the regional distribution of the Sado, Maikwanopa,
Tungan-Kudaku and Ribah serpentinite bodies (fig. 3)
suggests a system‘ faults, Williams and Williams
(1977) have suggested that similar faults are the
continental extensions of trans-Atlantic transform

faults,

Diorites, Trachyandesite, Lamprophyre and

Biotite=Granite

The rocks discussed in this section are
intrusives and are thought to be representatives

of the Older Granite suite of Pan African age.
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The diorites in this area have bLcon masoed
as intruding the serpentinite., The occurence ci
north=south structurcs in certain parts cf both
of these rcck types can be attributed to local

deformation.

The lamprophyre dyke (2.5.4) is intrusive to
the serpentinite and at its northern end, it runs
into or is terminated by a diorite intrusion,
According to Hatch et al (1972) lamprophyres
represent highly specialized magma fractions of

diorite.,

The biotite-granite in this area is clearly
an intrusive body, Its contact with the granite-
gneiss described in section 2,5.5 shows features of
a chilled margin. However the contact of biotite-
granite and the other rock types discussed in this

section was novthere observed,

Isotopic data from other parts of the ligerian
basement has shown that rocks of the older-uranite

suite are undoubtedly Pan African in age (Table 2),
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CHAPTER L

MINERALLZATION

Introduction

A

The area investigated is included in the former
gold producing areas of north-westorn Nigeria,
During this work three types of economic minerals
were noted. These include gold, chremite, and asbestos.
However, no detailed investigation of the mineralization

has been carried out.

The total recorded gold production in Nigeria
since 1914 amounts to 12,000kg (Annual reports of
the Department of Mines, 1922-1968). Most of this came |
from the Kazai-Beni, Birnin«Gwari, Malendo and the
River Zamfara areas of North-western Nigeria (R ss
1957). Records of gold production before 191 have
not been found, and this perhaps is indicative of
Insignificant or total lack of local gold mining prior
to this date,

In the Tsareta area, old gold wérkings were first
shown to A B,U. staff by the local pecple and thjs is
one of the reasons for the initial interest in the
area, Local history and tradition gives some guidanee
regarding mining activity in the areca, but this must

be interpreted with caution,

Up to date nc chromite and asbestos of sufficient

quantity to be of commercial value have been reported
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in Nigeria, A small occuréence of iron-rich chromite

has been reported from the Mallam Tanko scrpentinite
by Ogezi (1977) and Bar cnd Glaecscr (1981).
snthophyllite asbestos in phyllite has bcen reported
from Karau-Karau by MeCurry (1973),

The geology and mineralization of the Tsareta

area are discussed below,

4.2 Geology

4.2.1 Gold

In the area mapped, primary gold mineralization
occurs in quartz=—weins associated with shear zones,
01d gold workings found include Dumi I and II, and
Zurzurfa I and IT (figure 2). The workings consist
of elongate open pits aligned generally in a north-
south direction., This indicates that the mined
auriferous quartz—veins were also aligned in a north-
socuth direction and conformable with the surrounding
phyllites and are vertical or very steeply dipping,

The old gold miners probably followed the quartz-
veins until they became too deep and uneconomic to
work, Gold was obtained by handcrushing and washing
the quartz=-Veio material. The gold-bearing quartze veing
are thought to be covered now by thick debris from
the sidewalls of the pits,
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The size of the gold workings is a rough

indication of whether gold was obtained in appreciable
amounts or not, For example, the =mall Zurzurfa I
working appears to have been tested and found barren
and thercfore abandoned almost immediately, On the
other hand Zurzurfa II measurcs about 25m long, 2m
wide at the bottom and lm deep with a large dump
around it, It is very unlikely that the old miners
would have gone so deep had they found nothing. Dumi
IT is the largest gold working found, It measures
about 35m long, 5m wide and 6m deep also with a

large dump, From the dump around Dumi I, a gold

grain was seen in a fragment of quartz,

A few rock pieces in the dump around the gold
workings contain sulphides, At Dumi I, galena occurs
in quartz., At Zurzurfa 1I, pyrite, chalcopyrite and
energite occur as inclusions in galena (Polished
section DB 86), The galena is altered to cerrusite
with colloform banding, This structure is considered
to be a product of periodic changes in weathering
conditions, for example, changes in the pH - Eh
regimes (Ramdohr, 1975). Pyrite is replaced by limonite.

Outside the mapped area, other gold-workings are
known to occur, The abandoned Kuba (Cooper?) and
Monsur mines to the north-north-east were visited,
The Kuba mine consists of underground and open pit

workings which indicate that gold was contained in a
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complex and extonsive system of quartzveins. To the

south=-south-west is the Magyelma mine alsc now |
abandoned (J.Y Gominah, personal comnunicaticn, 1982},
On a regional scale, theso workings together with those
within the mapped area plot on or closc to the fault-
silicified-crush-ridge structure mapped by McCwrry

(1978) and its extension to the north-north-esast,

Chromite

The chromite occurrence in the serpentinite of
this area is an example cof podiform chromite., The
largest occurence is exposed in a area about 1tkm east

of Tungan Kudaku village,

The chromite occurs mainly as disseminated fine
to coarse-grains, up to lem, sometimes with a nodular
appearance, Pods, about 2m long,of massive chromite
oceur, Examination of a pcelished saction shows that

they arce high in magnetite and ilmenite,

Asbestos

Anthophyllite occurs mainly as slip-fibre
asbestos in veins cutting serpentinite. It has a
dark-grey appearance and is brittle due to weathering.
It weathers more s8lowly than the serpentinite and is
partly the cause for the development of the honey-comb

structure in the serpentinite,

In one locality, fresh, silky, cross=fibre

asbestos occurs in veins cutting a rock composed
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preéominantly of hornblende (Plate XVII)., The largest

fibres found measure 24 cm.

The asbestos 1s usuclily assceinted in the scrpen-
tinitc with an unidentificd pale-ycllowish-greon

amerphcus material,

Origin
Gold

The occurremee of the old geid workings in this
area along shear zones suggests that mineralization
was structurally controlled, 1% is suggested that the
mechanism of gold transport and deposition is related
to metamorphic processcs (Keesys. 19785 Boyle, 1979;
and Koln 1982). It is speculated that the gold, in
the Tsareta area, was leached from the metavolcanic
rcocks during metamorphism and migrated to structurally
favourable depositional sites, It is recalled that
several asuthors (e.g Read and Watson, 1975; and Boyle
1979) have drawn attention to the relatively high
gold content of basic volecanic rocks and eonscquently
the metavolcanic roccks in this area may well be the

main source of the gecld.

In the alternative, the g:ld may have been
derivcd from the reworking of Birrimian rocks which
according tec McCurry (1976) have largely been converted

te gneisses and migmatites, In th: West ifrican Craton
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(West of Nigeria) the Birrimian sediments togother
with granites intruling thew contain gold (Read esnd

Watson 19793 and igyakwa 19793).

i © Granites in generzl contain low cold (Bovle 1979},

In ncrth-western Nigeria, the Pan-.frican granites are
characterized by an almost tetnl lack of mineralization
(Russ 1957) and similar potassium granites in

Zimbabwe are reported to be rarely associated with gold
deposits {Mann1382), The fclding of the quartz ridges
in the shear zones in this area indicates that the
granite emplacement is post mineralization, There
scems no genetic link between the gold mineralization
and the granite though it is possible that heat from

the intrusion mobilized mineralizing solutions.

b :
| Geld producticon in this area ceased long ageo snd

the'story is virtuslly the same for the whele country.,
The search however has been continued by the Nigerian
Mining Corporation. It is suggested that exploration

work in this area should focus on shear zones, which,

from this study, appear to control the distribution

of the mineralization.

Chromlte

!
'l

A1l economic primapy deposits of chromite occur

| either stratiform or alpine type ultrabasic rocks and
. their serpentinized derivatives (Mikami 1979 and Evans

- 1980). In the Tsareta map area, podiform chromite nccurs

In a NNE-SS5W trending serpentinite bhody,

1
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already been discusscd in senticn 3.3 3. I ¢
envisaged that the open fractures previded avenucs

for the movement of minoralizing sciutions originating
from the moain ultrabasic bady wvicrgoing serpentini-

zation,

The pale-green amorphous material almost
invariably asscciated with the anthcphyllite in the
serpentinite may W an intermediate product in the
formaticn cor breakdown of the anthephyllite,
Onyeagccha (1979) has also pointed to the restricted
stability field of anthophyllite as a reason for it

being unlikely to cccur in commercial quantities,
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CHAPTER 5

PRELIMNARY SOIL GEOCHEMICAL INVESTIGATION

sampling and Analytical Methods

The sampling was carried (ut during the rainy
seuson, in the munths of July and Ausust, when the

enils were still relatively soft,

The aim ef the geochemical soil survey is te
define some structures which would be related to
gold mineralization and also investigate the reflec-
tion of the Jverlying bedrock by the chemical
composition of their weathered products (soils).

The reflection of the underlying bedrock by the
chemical composition of the snils can be used as an
indirect geologic mapping method, Thiz is of parti-
cular importance in the project area where most parts
ol the rock units are overlain by soils and alluvium,
The boundaries and extent ef these rock units are

therefore difficult to define,

Sampling

East-West traverses on a besemap of 1:25,000
were used to plot the distribution of the sample
points with a spacing of one sample per kilometer.
This was houwever reduced to 500m and 250m in areas
of suspected gold related structures especially in

the phyllites,

The choice of the sampling plan with east-west

traverses (fipgure 7) was based on:=-
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(a) previous mining which indi sated that gold

is associated with quartz wng which are
located in the phyllites, Their Trend of
emplacement coincides with a NHE--3ZW
trending regional linearmen’: (Shearzone)

recegnized first by McCurry (1978} and

(b) the pattern of emplacement of the variety
¢ rock types in the project area which
also coincides with the plus or minus

north-south regiocnal trend,

Frior to the sampling, a soil orientation survey
was carried out during which two horizons of the soil
prefile were be recognized: the A and the B horizons.,
The A horizon is phrous, dark grey to light-grey and
ha#s a high content of organic matter, The B-horizon
is reddish-brown, massive and maybe concretionary,

The depth of occurence of the B=horizon varies with
lithology and topography, This could be distinguished
clearly from the A<horizon mostly in areas underlain
by phyllites, However, this was not always the case
in 50ils overlying serpentinite and along "fad~ma.v
This maybe due to its greater depth of cccurence, The
L-horizon, whenever present, was always the target for
sampling whereas aress covered by "Fada.: ' were not

sampled,

A hand auger with a core length of 10Q0c¢cm was

used both for the orientation survey and the deta’led
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sampling, This was driven down to z <epth of at
lJeast 60cm and the B-norizon, whercever preseit, was
seporated from the A and preserved in a polythenc
bag, The lower part of the soil collectud with the
auser was sampled in placcs where the soil was dark

throughout and the B-horizon not clearly recogrnized,

A total of 182 samples were collected including
the 23 samples from the orientation survey., More
than & of the samples are located in the phyllites

as shown in the sampling plan in figure 7.

Sample Preparation

ltost of the samplos collected were wet and some
existed in the form of lumps. They were therefore
dricd at a temperature of about 105°C in an oven,
These werce then disoggmgated " in a porcelain mortar
with a pestle, They were then sieved through a
brass scrcen of 200 mesh (75f). The - 75RE fraction
was preserved in glass and plastic sample bottles

for further treatment (extraction and analysis),

Extraction Methods

Two methods were used to extract the elements
from the samples: Cold extraction, CxX, znd hot
extraction, Hx, The aim of the cold extraction was
to study the variation ef the loesely adsorbed

elements in the soils,



70

(a) Cold Extraction

The extraction procedure was carri.d out in

aecordance with the extraction method doscribed in

the Ferkin Elmer marual for atomic absorption

determination for loomely adsorbed cations in seoils,

The extraction solution consisted of 1 molar
hCl and molar H2SOM mixced in a ratio of 2:1,

2 grams of the minus 200 mesh fraction was
weighed into a conical flask and 20m) of extraction
solution added and shaken mechanically for one hour,
This wes filtered through a Whatman filter paper and
the extract mde up te SOml with the exiraction solu~

tion and stored In a pliatic bottle,

(b) Hot Extraction

In this method the extraction solution was made
by mixing one part of concentrated hydrochloric acid

with ten parts of distilloed water,

As in the cold extraction, 2 grams of the minus
200 mesh fraction was welighed into a conical flask
and 20m1 of the cxtraction solution added, This was
then heated in a sandbath for one hour. The solution
was then filtered and the extract made up to 50ml and

stored also in plastic bottles,

Chemical Analysis of the Samples

A Perkin Elmer atomic absorption spectrometer
was usced for the analysis of the samples in the

Department of Geology, A.B.U., Zaria.

i
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The reliability of the rosults was cross-checked

y repcating the analysis for seloected cloments using
avotlhier Perkin Elmer A.A,S. {model L10) 2t the
University of Jos. OSamples wore analyscd Tor cleven
cienents: Ca, Fe, Mg, i'n and Zn from th. cold
extraction, and Ag, Co, Cr, Cu, Ni, and Pt from the

hot extraction,

An zir-acetylence flame was used for all analyses,
The clements content in the samples was estimated by
conparing the absorbance with that of a stiondard

prepared from a stock solution of known concentration,

Distilled water wes used as reference with a
zero absorbance, Routine checks, using the standard,
wcre carried out after every 10 samples so that

background variation (noisc) could be controlled,

Aliquots from the hot extraction mecthod generally
gave nigher element values than for the cold extraction
mcthod, but their relative contente remained cssentially

similar,

ZVALUATION OF GEOCHEMICAL DiTA

The analytical data are tabulated and presented
in appendix 1, A summary tf the range, and average
vazlues of the elements distribution in the soil

samples is given in Table 5:1,



Table 51 Raonge and F.oon of the Elonents in tac S0il LHamples

i o PR ——
L “.‘_--]J_v:-.'l.,nt Range 1in pr_-m i--4 flean in ppm
ilver 1.2 = 30,0 i 1.1
= ..-_I-... —
I '."ﬁ }q_} . E'I'Ilc:-‘ 30*)
. p—
zine 2.8 - 3103 5.3
Copper 1.7 = 100,0 10,0
-
Chromium 4L.0 = ML, 0 18 .0
[lickel 2,9 = 326.6 8.6
boee
. Cobalt 3.7 - 175.0 15.0
Manganese 5.7 =1543.0 120.0
Magnesium 12.5 =2625.0 200,0
Calcium 4L.8 = 833.0 72,0

The relatively low average values for Fe, Mg, and
Ca are due to the cold extraction method used, This
docvs not affeet their relative content in the samples,
However 4g, Co, Cr, Cu, Ni, Pb and Zn still show a lower

™

average value than Fe, Mg, Mn and Ca,

tHistograms and cummulative frequencies were

plotted to enable a clearer understanding of the pattemrn
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ot variation and distribution of the 2lanonts,

Thece are presented in Appendix 2 and 3,

The historrams, Appendix 2. show that the low
valucs of the elements dominate i.e¢ they have a higher
frecuency, They thercefore do not shov & normal
¢istribution nnd are positively skcwee to the right,
Thetr cummulative curves, Appendix 3, on a logarithmic
scale show straight lincs for the distribution of Fe,
Co, T'b, and Ni and two or more populations for the
other elements, The Cr, Mn, Ca, Ag. and Mg cummulative
curves show two population whereas that of Cu has a
mixed population character i.e three different curves
(see 5.3.1).

Certain parameters were extracted from the
curmulative curves, These include the pg.ometrical
mean, X, at the 50th percentile, and the standard
deviation at the BLth percentile, These parameters
verc used for che selection of the background, the
threshold and the anomalous element content in the
soil samples, According to Cicgzel (1974). it is
corimon: in geochemical prospecting to selcct as the
background the valuc that corresponds to X + 1S, the
threshold the valuesthat fall between X + 1S and
X 4 25, while all values > X + 25 are anomalous.

With exception of silver, chromium and nickel (see
5.3) this criteria was applied witbh the values founded up
for all the other elements,



i brief summir; of Thi paraacurs ior Ch
specific clemcnt is presaated ia T=bics:. These
perameters wor. uscd for rlotiiy, detibuton pattern

of the elements in tr: maps Fizur(s ¢ » 'u

Table §:2 Geocheomical Paramet ye

o —

} Blenment X 4 18 ‘X + 25+ Back « Threshold i.‘.nnm'-.-‘

4 ; ' ground | or Subonoma=~!lous

: B ) ___z'__ lous i
Silver 3.6 : 10.5 . 3-65 3.6 - 10.0, 10”
Lend 13,5 | €0.,0¢ 13.0, 13 -60 | 60
Zinc 10,0 1 18.2¢ 40 | 10 =13 15
Copper | 19,0 ! u1.0 19 ¢+ 19 = 4o ! Lo
Ctromiun| 33.0 | 55.0 0 : 60 ~T79 ' 79
tickel 25.5 | 52,0, 50 & S0 =-70 : 70¢
Cobalt 38.0 | 39.0 30 38 - 69 69
Mangsnesc 290.0 |} 620.0 ¢ 300 300 -600 600
Iron 1030,0 1680,0 l 10090 1000 =-1500 1500
}{af;jwsiun; Lh60.,0 i 820,0 ' h&C hS0 -800 800
Calcium i 220,92 ; 370,0 ; 200 200 -350 350

1 ' :

#Criterin used to szelect zsnomaly is
different from other ¢loments,

5.2s1 Eatterns of Distribution of Flecment:: Geochemieal Maps

(a) Silver (Ag). See Figure 8

finomalous silver content,with 2,6ppm ond above,
cxist over areas underlaia by phyllites, about 1km
West of Tupgan Kudaka village nnd also around the old

Zurgurf: II working pit,

another ores of —nomalous silver eontent oxists
over the metavolcanic body in the north-eastern part

of the area,
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The volcanic rocks maybe th:i source of the silver

in the soil, /4 few threshold (subanounlous) to =nomne
lous valucs are randonly distributcd in the north-west
and south-cast asren,

Gencrally, the aren underl:in by granite-gneiss,
biotite-granite and serpentinite arce chapncterized by

low silver valucs,

Conzidering the area as a whole, the anomalous
silver content appears to be aligned in a NE - SV

direction.

(b) Lead (Pb) - See Figure 9

All the threshold and anomalous values, with
13 - 60 ppr and =bove 60ppm respectively, occur only
in areas underlain by phyllites and granite-gneiss,
In the phyllites, they occur both te the east and to

the west of the serpentinite hody,

The preseance of lead anomalies can be related to
the occurence of visible galena at the old gold

workings in Dumi I and Zurgurfa 11,

In the south-western part of the area, the
geochemical anom@ly for lead coincides with that of

gilver,

There are no anomalous lezd values in the biotite

granite, mctavolvanic and the scrpentinite body,

The general pattern of distribution of the lead
anomalies coincides with that of silver with a N-S

to NE-SW direction or trend.
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(c) Zine (Zn) - See Ficurc 10

Anomalous zinc v-liucs =bove 1S-opm exist in the
soils overlying the mctzvolvenic body in the northe-
eastern part of the wea, Throshold valucs i,e
valucs between 10 and 15 pom 2nd aaonclous values
are distributed in the other rock types, There are no

‘znonmalis in the serpentinite body,

Most of the thresheocld 2and anomzlouz values occur

in the northern part of the mapped area, These
ark malous zine values coincide with those of silver

especially in soils overlying the metavolvanics,

The general absence of anomalous zinc valucs in
the south maybe related to its modorately high
mobility along drainage, NMost or the anomalous zinc
values however fall within the NII-CW zone with high

lead and silver values,

(d) Copper (Cu) - Sce Figure 11

Anomalous copper values above 40ppm have been
registered mostly in the phyllites (ecst and west of
the serpentinite bedy) and in the metavolvanics,

These are absent in the granite-gneiss, biotite_granite,

and in most parts of thc¢ serpentinite bedy,

The cummulative curve of copper shows three
curves (lincs) or mixed populations, The upper part
of the curve could be attributed to the relatively

very high copper values in soils overlying the
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metavolvonics znd the old zold worvineg ~t Zurzurfa 11,
Dominent copper anomalies hove beon registered in
those arcas with copper vslus ocbove 60 ppm. The
lower part of the curve cmn be rel~ted to coprer
values in the phyllites ond other pock types wherchy
the anomalcus content origin:te solely in soil samples

from areas underlain by phyllites,

The general distribution of the copper has a
NE = SW trend with the serpentinite body cutting

through the anomalous zone,

(e) Chromium (Cr) - Sce Figure 12

The distribution of chromium (see cummulative
curve) shows n weak mixed population, The low
density sampling in the ultramafic -nd mafic rocks
compared to the phyllites could be responsible for
the inability to clearly scparate their respective
chromium values statistically, /. close examination
of the analytical data howcver shows that there are
few extrcemely high chromium valucs in the ultramafic
rccks, This can actually be scparated from the
relatively high values in the phyllites if the
minimum anomalous value is put at X + 38 i,e 79ppm,
The use of this criteria to delimit the anomalous
values shows that 211 the chromium anomalies are in
the range of 79 -~ 314ppm (Figure 12 ) and occur only
in the serpentinite =nd the biotite - granite,
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These anomzlous values only occws' in sSo0ils
close teo scrpentinite outerops, The chromium valucs
diminish rapidly with increcsing overburden on the
serpentinite,

The low chromiwn va2lues north of the nain
serpentinite cuteropg "nd those in the phyllites
renresent the 4 - 79 raage,

The distribution of the chromium anomalies

shows 2 north-soutlt trend within the serpentinite,

(f) Nickel (Ni) - Seec Figure 13

fn examinntion of the analytical data for
nickel shows that all the extremely high values bcetween
150 and 327 ppm occur in the serpentinite body, These
could not clearly be scparated from the lower values
between 2,9 and 60 ppm which also occur in the
serpentinite body with thick coverburden and other rock
types. The failure to do so could alsc be due to the
low density sampling within the ultramafic and mafic
rocks as was observed for chromiun, The minimum
anomalous nickel valuc was therefore read at the 97th
percentile and is 70ppm.

All the anomalous values 211 within the ultra-
mafic body in soils not far from outcroping serpenti-
nite, The other rock typce are characterized by
nickel values in the lower range (2.9 - 70ppm),

The distribution of the anomalous values show a

north-south trend in the serpentinite body,
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(g) Cobalt (Cc) - Sce Fimure 14

Most of the anomtlous cobalt values shove 69ppm
occur in the phyllites (cast and weet of the scrpen-
tinite body). & few subanomnl s (threshold) to
anomalcus values cccur in the netavoslvenics ond the
serpentinite,

Low cobalt values occur in the south-ecast, north,
and north-western part of the projuct areca especeially

those underlain by granite-gneiss and biotite-granite,

The distribution of the cobalt ancmnlies have a

NE - SW trend which corresponds to that of silver and

copper,

(h)
Mast of the threshold snd ancmalous values of

manganese (360- 6C0 ppm and above 60Cppm respectively)

occur in areas underlain by phyllites - east and west of

the serpentinite body, amd in the biotite-granite,

Most of the anomalies occur in 2 narrow zone consisting

of phyllites enst of the serpentinite body with a

NE = 5% trend,

The granite-gneiss, sernentinite and the

metavolvanic bady (in the north cast) aré characterized
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by low manganesa values,

The anomalous zone hes a weak ME-%Y troend.

(i) Iron (Fe) = Sce Pizure 16

There is no clearly defincd anwwalous zene for
iron in the project area, The only woakly discernable
anomalous nrea occurs in the £oils underlain by the
metavolvanic body in thc north-castern part of the

project arca,

It is surprising that the serpentinite has low
iron values, This is because ultramafic rocks are
known to be rich in iron, Furtherrere, in this area,
visible chromite in the serpentinite is associated

with magnetite and ilmenite,

i few subanomalcous and encwtlous values of iron
are randomly distributed in the phyllites, granite-
eneiss and bictite-granite, 7The highest value,
3161ppm, occurs in phyllites and this is considered

to be due to concentration of iron near the surface,

The unexpectedly low iron values in the area may be
related to a combination of sampling and analytical
factors, Generally, aress undcrlain by serpentinite
heve deep and very dark soils which rmay. bean
indication that the iron-rich horizon of the soil

was vever rcached by the hand ayrer.
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{(j) Magnesium (Mg) - See Fizure 17

Anomalous magnesium values of BOOppun: and aivove
occur in soils overlying the gerpentinite bHody, the
metavolvenics and the phyllitesz shwereby semz of the
sncmalous values cast of the scrpentinite bedy could
be as a result of buried metavolcgonics, AL few

subanomalous values slsc occur with biotite-granite,

Most of the anomalous (above 800ppm) to
suboncmalous (between LS50 and 800 ppm) magnesium
values tend to cenform with the N - NNE trend of the
serpentinite body thus reflecting the high magnesium

content of the ultramafic rocks.

Low magnesium valucs were registercd in the
soils overlying the north-western part cof the project

area especially soils overlying the grenite-gneiss,

(k) Calcium (Ca) - Sce Figure 18

Most of the subsnoma2lous to znomalous calcium

values, with 200 - 350 ppmand above 350 ppm respece-
tively, occur in soils overlying the serpentinite,

the metavolcanics and the bistite-granite mostly at

the contact areas of these rock units, Thus the
anomalous valucs can be grouped ints two: thosc that
conforim with the serpentinite body and the seccnd group
with the biotite-granite,

Low calciun content occurs in the phyllites and

in the granite-gneiss,
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Element issociaticn

Tm— -

The peochemical maps show scoue variation in
the element distribution, Por ¢xemole, the anemalous
zon®s of some of the elonments tende *o conds .~into 2
NE - 3% crientztion, while »thers rofl.ct th.

var iation in the chemical composition of the bedrock,

In order to clearly group together thosce elcments
which are related to the NE - SW trend and those that
can be associated te tho variation
of the chemical composition of the bedrock, a

cerrelation analysis was carricd out,

The .-earson Product Moment correlation analysis
wﬁs put into use as described by Davis (1973) and
Marshal (1970) using the SPSS package in the Iya
Lbubakar Computer Centre, ...3B,U,, Zaris, The degree
of relationship between a pair o1 elements or two
groups of values is denoted by the correlation
coefficient, P.(Siegel 1974). The value of the
coefficient ranges from -1, through O and up to +1
whereby lack of a relationship is indicated by zero,
Perfect correlation has a value of 41, while a
perfectly invariant relationship hos 2 value of -1,

The correlation matrix is presented in Table 5:3.

For the evaluation, the value of the correlation
coefficient and its error of estimotion werc taken

intc consideration, The matrix shows that all the



CORRELATIUN _MATRIX
, .ﬂ J_m Ag Ca Co lﬁ» cr - Cu _ Fe M ..mm. - ..“rv .“.,M..IIJ.I. .,“.Hi.:..m. Ph " Zn
Ag| P|1.000 | : it : m I
s}0.001 w
Pt e : ¥
cal Plo.108s | 1.000
s{0.073 0.001
col Plo.3ue2 | 0.0106 | 1.000 :
: s}0.001 0. L4k 0.001
cr! Plo.1a79 | 0.0646 | 0.3679 | 1.000 ,
slo.023 0.193 0,001 0.001
cu! Plo.o2374 | 0.0093 | 0.553 0.0142 | 1.000 il
slo.001 0.450 0.229 0.424 0.001
Fe| Plo.4392 | 0.2804 | 0.2760 | 0.1315 | 0.023 | 1.000
so.001 0.001 0.001 0.038 0.377 0.001
Mg P|0.1114 0.4860 0.,0933 0.3888 '0.0469 0.5594 1,000
sl0.067 0.001 0.105 0.001 0.265 0.001 0,001 |
S o N e -
Mn!{ P{0.2953 | 0.0410 | 0.4203 | 0.0266 | -0.0045 | 0.5068 | -0.0072 | 1.000 |
W $10.001 0.291 0.001 0.361 0.476 0.001 0,461 W. 0.001
[ . R
Nij P{0.1671 | 0.0573 | 0.4737 | 0.7011 | 0,0551 { 0.1815 | 0.3567 | 0.1043 | 1.000
slo.012 0.221 0,001 0.001 0.0230 | 0,007 0.001 0.084 0.001
Pb| Plo.6236 | 0.0365 | 0.0110 | o.0402 | 0.1151 | 0.7983 [ -0.0575 | 0.3472 | -0170 1..000
s {0.001 0.312 0.442 0.295 0.061 0.004 0.220 0.001 0.410 0.001
zn| Plo.3356 | 0.1635 | 0.0350 | o.0242 | 0.226 0.3740 | 0.3%345 | 0.0518 | o0.0493 | o.4846 | 1.000
5 §0.001 0.014 0,230 | 0.373 0.381 0.001 0.001 0.244 0.254 0.001 0.001
Tnble 5832 P = Correlation coefficient S = Error of estimation
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cocfficients above 0.3 have a zirifaicance ~bave
99%. However, the covefficicents with this nigh
significance were cvaluetod as follows;

P . 0.7 as very gocd

Pe + 0,7 to ™ + o.Lh5 as gad

B <4 O.hf.: to, 0.3 as ['11'1:.’ gf".’l.’.

The sume applies to the negative rorrelation

c-affients,

On this basis, Cr and Ni show very good corre-
lation, Good correlation is shown by the following
element pairs: Pb - Ag, Co - Mz, Co = Ni, Fe - Mg,
Fe « Mn, Pb - Zn; while fairly good correlation
exists In Cec - Ag, Fe - Af, 4i¢ ~ Zn, Co -« Cr, Co =
Mn, Cr - Mg, fe - Zn, Mg - Ni, Mg -~ Zn, and i'n - Pb.
Copper shows only o weak correlotion with Ag and Pb,
This, the author belicves, can be attributed to the
majority of the Pb 2nd ..g values £21ling below the
detection limit,

The correlation further snows that thuere is a
clear association between certain clement groups;
for example, between Ag, Pb and Zn with P > 0.45
Copper could still be linked with this group because
it shows its closest associztion, I = 0,24 and 0.12,

with ig and Pb respectively,

Most of the snomalies of those elements are
distributed in the granite-gnciss, biotite-granite,
phyllites and metavolvanics. No anomalous Cu, 2Zn, ne, and
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Pb content was registered in the serpentinite and diorite
(with the exception of a few anomalous valuesa.

Within areas underlain by metasedimentary and meta-
volcanic rocks, the four elemecnss conform to a NE-SW
zone which has been cut through by the sepgpentinite bod vy.

Another dominant claaent group is that of Cr-=Ni-Co,
whose association c¢an e attributed to their occurrence
in mafic and ultramafic roeks(e.g. diorite, metavolcanic
rocks and serpentinite) and bintite —granite. The Cr-Ni-Co
association furthermore has good to fairly good correla-
tion with magnesium which cabh be used to distinguish the
rocks mentioned ahove from phyllites,

Biotite —granite ean be distinguishked from the mafic
and ultramafic rocks by its lower magnesium content and
relatively high calcium content in the overlying soils.
This explains the good correlation of calcium to magnesium
and not to any othcr clouent,

The geochemical maps show that cobalt is associated
with iron and manganese in areas underlain biotite-granite
and phyllite. However, a Fe-Mn-Cec association is not re-
flected in the correlation matrix. This could be due to
the generally very low values of cobalt compared to the
much higher valucs of iron and manganese.

A brief summary of the element association in rela-
tion to the differcnt tyres of bedrocks is presented in
Table 5:4. This table indicates for example, that soils
overlying serpentinite, metavelcanics, and diorites are

characterized by high valucs of Mg, Ca, Cr, and Ni,
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Presented also in Table 5:4 are some relative values
which help to contrast between the wifferent types of bed-
rocke As an example, thie relative values of magnesium in
ul tramafic and mafic rocks range between 1.2-4.8 times
the values found inbiotite .granite. A comparison between
calcium and magnesium values in biotite-granite shows
that calcium is usually 0.5 = 1 times tha values of magnc-

sium.

Table 5:4. Element Association and Relative Contrast of

Values in Nolation to Bedrock.
- --"Alh-‘-‘.

pedrock Elcirent Association jRelative Contrasft
Serpentinite High Mg,Ca, Cr and }] (mg) 1.2—4.1
Metavolcanic nNi UM and M
| B§ g 1--0W
and Dicrites P S " ]
Biotite-granite High Ca and Mn ca 0.5-1.q
Moderately high ng
Mg
- o At ST !
W}hyllites High Mn and Co Mn 1.8=3.M
— . 1ow Mg and Ca Ca

Granite=Gneiss Generally lew

clement content
o - -

i
Ui ULTRAMAFIC ROCK
M = DASIC RCCK

BG = DIOTITE=-GRANITE

Il
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CHAFIER 6

SUMPALY aND CONCLUSIONS

In the preceeding chapters, the jeolory and a
preliminary geocnemical soil survey of the Tsareta=Tun an
Kudaku ar¢a were describecd and discussed, In this chapter,
a summary of the discriptions and deducti~sns is given,

The area mappe: voves aptotal area of about 130 km2

and comprises four major rock groups:

a, 0 granite-gneiss basement

b, low=grade metasedimentary and metavolcanic
recks,

c, 2 large NNE=SSVW trending serpentinite body

d, a suite of igneous intrusives of probable
Pan African arze and - -fesrred to in Nigeria =os
the %"0lder Granites",

; : ) 2
The granite-gneiss basement occupies about 19 kn

in the rnorth-western part of the area mapped, The
predominant rock unit is granite-gneiss, Others arec
the granite-gneiss/biotite-granite contact rock,

amphibotite, epidote=-quartz-rock, and quartz-breccis,.

The pranite=gneiss is typically a fine-to mediume
grained rcck with a well develcped foliation, This
foliation has been deformed giving rise t- folds shown

in plate i, The rock can be described as a hornblende-

mweliss,
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Outeropin: 1 a 10 = 20 wilde zene at the southe
eastern end of Tsarcta ridee, anc marking the contact
between the granitee=gneiss and bictite-granite, is a

medium=graincd equipgranular felsic rock.

The granite=;jmeiss has been metamorphosed under
amphibotite facies conditions and it is considered to be
the oldest rock in this area, It is suggested that the
granite~ineiss/biotite-granite contact rock represents

thermal recrystalization of contact material,

Xenolithic blocks of amphibotite found in
serpentinite are considered to be stoped material from

the granite-gneiss-basemcnut,

Epidote~quartz rock and quastz-breccia represent
fault material which appear to mark the boundary between

granite=pneiss and the metasediments,

Metasedimentary and metavolcanic rocks occupy the
greater part of the area mapped, FPhyllites constitute
the predominant rocks in this group. Schists, slates,
metaconglomerate, Dumi cataclastic rocks, metavolcanics
and banded=iron formation, each occupiesrelatively much

smaller areas,

The fine-grained pelitic rocks are considered to have
been deposited on a relatively quiet-water environment on
the granite-gneiss basement and subsequently metamorphosed

to the pgreenschist facies, Field relations of the
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metaconglomerate, metaveolcanics anl banded=iron forn:tion

sugrzest that L hese rocks were emplaced with the prhyllites

and metazmorphosed at the same time,

A NiE=SSW trendings serpentinite body cuts the
metasedinments, It is inferrad thaot it also cuts “he
granite-gneiss basement, The serpentinite is composed
essentially of antiporite and anthophyllite and in parts

contains small concentrations of chromite,

Base! on experimental evidence nnd discussions by
many authors (krauskofp 19€7, Bar and Glaeser 1982,
Nockols 1978, Hatch et 21 1972) and the regional
distribution of the Sade, Maikwangga, and the Ribah
serpentinite bodies, it is supgnested that the scrpene-
tinite brdy in this area was te.tonically emplaced as 2

relatively cold intrusjon along a fault,

The group of intrusive rocks observed in this area
are diorites, trachyandesite, hornblende-lamprophyre
and biotite-;ranite. They ‘are consided to be members
of the Older Granites suite of Higeria senerally held
to be cof Pan African age. They are alac considered to
be the youngest rocks in this area, This is based cn
the fact that the diorites, tranchyandesite and
hornblenide lamprophyre all intmude the serpentinite
body which was described above as cutting the meta-
sediments, It is also obsecrved thot the biotite-

granitc intrusion has deformed a system of shear-zones

Ty

” P \
" - — oo
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with which the serpentinite body is Lhiouht € be
n@sociatoed,

In the arcea mappced, three tynes of econswic=mincral
occurcnces were noted and these are ¢o0l!, chromite and
ashestos,

The orientaticn of «1d pold workings at Dumi and
Zurzurfu sugpest that gold was mined frem nortin=south,
steeply dipping quartz veins, Thesc veins are mostly
associated with shear zones, It is therefrre sugzested
that gold mincralization in this area was structurally
controlled, Il is envisager that iold was lcaches from
the surrcunding rocks, particularly the metavolecanics,
during metamorphism (Boyle 1979). 1In this area, the
biotite=ranite is considered ~n imprsobable source of
the gold, because:

a) = oranites in general and in north-western

Nigeria in particular are characterized by
a paucity or total lack of ;014 deposit

b) = the biotite-sranite intrusion in the arca is
younger than the shear zcines and conscquently
post-mincralization,

However, heat from the intrusion might have
mobilized mineralizing fluids,
From the spatinl distribution of the old ;0ld workings

with shear zones, it is suggested that exploration for zold

should focus ¢n the shear zones,
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Chromite occurs in the serpentinite as lens—shapod
poig, 2 = 3 in long, ani a8 fisseminate! rains, Thoe
mineralization can best lie explained by macmetic

segrusntion through gravity settling,

The potential far chromite cccurcnce in this crea
can only bec speculative, but the occurence of some
chromite concentration and the size of the serpentinite
body is encouraging, More work is necded to evaluate

this.

Anthophyllite asbestos occurs mainly as slip—fibre
asbestos in veins cutting serpentinite. In one loeality,
it occurs as cross-fibre asbestos with lenghts up to

2% cm,

The mineralization can Le relate? te the fractuving
of the serpentinite body during the late stoares of

serpentinization,

L preliminary recchemical soil survey was undertaken
of the area in order to ascertain whnether a regional
fault-silicified=crush riige feature, recopnized by
McCurry (1978) and which is associated with 0ld Zold
showin:s in this area, could be traced, .lso investijated
was the reflecticn of the underlying bedrock by the

chemical cocmpesiticn of their weathered products.

The geochemical soil survey has shown from maps of
element distribution that moest of the anomalous values

of Ag, Pb, Zn and Cu fall into a NE=SW trending zonc
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which apurcximately esineciies with the ropicw il faalt -

silicifie/erush ridre ot Molvrsy (19733,

The s0il survey has alse shomr that aolle S tria
area o bear an imprint of the vncsrlyieg be lroast »wl gnn
therefore be vaal a8 an indirect secloris uaphisg, rotav.
Thus, ithe Cr-fii-Co=fg association 2on L2 vmed U ae 7 aat
the mafic av? ultramafic rocks while *he "o-Md -
associztion characterizes the phyllites. PCloviti o nlte
can be ~istinuishned by mlatively hi«h waluvcs 2f
magnesium {t:.ourh net as hirgh as in the mfic
ultramafic rocks) and alsc by relativelr iZsh ealcianm
values, The sroniteemeiss is chrracterized generally

by low content ~f nlil the elements,
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ALZINISE TUOA )
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RRGIND
0. Agilx Ca Ox to Hx Cr Hx Cu fix Ve €x Mg Cx Mn Cx Hi Hx Pb Hx 23 Ox

LA R S -

! L6 8,6 0.0 4.5 Loy LOO.O 50.0 105.5 0.0 0,0 9.0
7o 0 43.2 0.0 k5 6,0 533.3 62,5 132,6 0.0 0,0 4,0
3 24,7 60.1 26,8 13,6 60,3 1900.0 75.0 1543,5 0.0 1516.7 7.2

i) 0 132,2 6,7 9.0 5,2 L66.T 250,0 T6.2 0.0 0.0 6,2
95 0 31.3 0.0 9.0 5,2 366,7 315.5 32,0 0,0 0.0 Tols
06 0  103.4 11,2 9,0 5,2 1166,7 287.5 304.3 0,0 0,0 6.3
77 0 1346 5.6 9.0 7.8 666,7 362,5 173.9 0.0 G.8 12,5
6 0 Lh3.2 2.2 6,68 1,3 1083.3 312.5 239.1 7.8 0,0 12,5
9 0 %.6 8,9 9,0 6,7 1333.3 50.0 22,8 11,7 0,0 Go6

T10 2,3 0.0 290 9.0 10,3 1750.0 350,0 93hL.8 3.9 0.0 12.19
P10 ThaEs 6,7 45 5,9 1116.7  3L42.1 206,85 45,6 0,0 7,5
£12 0 96,2 0.0 N5 6,0 950,0 118.4 195.6 0.0 0.0 7.5
M3 L6  B7.7 223 5,5 10,3 1333.4L  157.7 532.6 0,0 0,0 8,1
Pl 0 153,8 22,3 €8 6.0 13334 289,5 L78.3 0,0 0.0 8.8
50 L8 156 9.0 6,8 TE6.7  592.2 109.8 0.0 0.0 6.9
0 221.2 0.0 1.5 he3 466, T 381.6 50,3 0.0 0.0 7.t
M7 2.3 192,3  L.§ 20,5 11,2 1000,0  L21,0  T1.6 0.0 0.0 8,8
1

pe 13.8 188,7 0.0 B2 656 666,7  203.2  57.6 31.21163.6 86,7
2 30,0 06,2 L,5 13,9 9L 1716.7  18L.2 18L.7 0,0 991.7  1L.7
o3 0 LB 6e7 32,4 5.2 1700,0 131.6 630,k 0.0 0.0 7.5
oh 0 125,0 2.2 L,6 10,5 k00,0 407.9  97.8 7.8 16,7 7,1
75 4.0 108.2  15.6 13,9 21,6 £00.0 289,5 206.5 7.5 83,3 5,3

E3
[
o

55.3 b8t 19,5 12,1 683,3  223.7 130.4 3.9 6.8 8,8
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holi, 306,3 22,3 10.4
0,0 62,5 L5 €43
0.0 10,0 8,9 L5
0  L3.8 31,3 104
0e0 L3.8 15,6 16,7
0.0 25,0 13.4 12,6
Leli 100,0 53,6 1L,6
0,0 25,0 0,0 L2
0,0 627,6 8,9 €L
0.0 18,8 L5 G
0,0 118,8 0,0 1044
0,0 112,5 0,0 8,4
0.0 75.0 13.4 G.3
0.0 125,0 6,7 10.4
0.0 162,5 17.9 16.7
0.0 0,0 22,3 1L.C
2.2 31.3 0,0 L.,2
2.2 L25,0 22,3 68,0
0.0 25,0 0,0 84
0.0 75.0 00 No2
00 59.5 hei 1,6
0,0 11,9 Ly 1L
0,0 39T 8.8 Cul
0,0 0,0 ko4 B,h

111

cCu

e e - -

12,5
940
SeT
8.7
8.7

11.4

24,0
T.7
Te
946
6eT
TaT

9,6

1.1
57
Ge5
Le8
16,3
340
0s7
3.8
L,
Lo
3.

¥e Vg Mn % | Phé
1033.3 375.0 357.0 11.7 6.7
333.3 200,0 T76.2 0.0 0,0
200,0 162,5 T1.6 15.6 0,0
883.3 150,0 L428.6 11.7 3.3
1266,T 100,0 666.7 7.8 23.3
1533,3 87,5 1261.9 7.8 23.3
1233.3 137.5 500.0 15.0 0,0
200,0 T75.0 39.6 0,0 3.3
1033,3 262,5 190,5 0,0 0,0
4G6,T 100,0 TC.1 0.0 0,0
L33.3 387.5 121.9 0.0 0,0
333.3 150.0 351 0,0 0,0
1500 125,0 L6.,9 11,7 0,0
5683 - 162,5 115.,6 7.8 0,0
583,3 337.5 175.0 7.8 00
733.3 100,0 129,7 11.T 3.3
200.0 37.5 29.7 0.0 0.0
2533.3 2625,0 312,5 39.1 0.0
266,7T 50,0 26.1 0.0 0.0
1200,¢ 137.5 262,5 7.8 0,0
333.3 212,5 120,2 0.0 0,0
350,0 125,0 91,3 ©C.0 0,0
€83.3 150,0 104.,2 0.0 0.0
L416,7 25,0 16,0 0,0 0,0
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f",‘.l- - fg Hx Ca Cx C) Hx Oy Mx v B Fe Ox Mg Ox Mn Cx Ni Fx Pb Zx Zn Ox
25 0,0 29,0 Bs8 12,6 €,T 350,0 37.3 52,9 0,0 0,0 Le5
2%, 00 29,8 8.8 25,2 10,€ 633.3 100,0 128,2 T.8 0,0 3.9
27 3. 0.0 11,0 L45.8 21,2 900,0 200,0 2024 46.8 3.4 Le5
28 0,0 273,08 8,8 25,2 11,5 916,7 350,0 225,0 15,6 0,0 8.5
29 24,9 L70.2 57,0 31,311040 2583,7 222,5 166,7 58.3 0,C 18,2
30 15,9  119.0 L8,2 39,56 67,3 1650,0 615,5 1bL.2 26,3 ©C.0 15,1
31 0.0 0,0 15,4 10,k 8,7 2414 0.0 26,6 0,0 0,0 L.l
32 h.5 215.9 U43.9 T9.2 23,8 2068,9 1842,0 236,0 62,4 0,0 16,3
33 0,0 2045 0.0 10,4 T.7 Mh13.8 223,77 37.5 Q.0 0,0 5¢0
3 0.0 LS5.5 13.2 104 7.7 500,0 1184 178,6 7.8 20,3 6.3
38 5T 795 LB8.,2 15,06 36,7 2241 52,6 62,6 23,4, 0,0 5.0
36 7.9 4.1 39,5 20,8 38,5 24.L 78.9 117.2 23.4 0,0 6.9
37 0.0 181,88 13,2 12,6 11,5 568,9 263,C 118,8 T.,8 0,0 5.0
38 2,3 22,7 52,6 27,1 19,7 53k.. 52,6 51,6 23,4 6,7 Be0
39 0,0 68,2 10,9 12,6 145 951, 7 1l,T 202,k 0.0 13,3 10,6
Lo 0,0 375.0 17.5 16,8 11,5 T56.,6 L60,5 309,5 11,7 0.0 4.0
k1 0,0 156,3 L0 1w, 956 L€3.,3 197.4 LB.T 0.0 0,0 LYy
h2 0,0 193.8 14,1 16,8 13,5  €32,3 236,0 125,0 15,5 0,0 6.3
L3 0.0 112,5 Lh.L 27,1 15,4 1466, T10,5 302,529.2 C,0 10,0
Ll 0,0 62,5 20,2 354 7.7 333.3 18,2 45,5 6,3 0,0 643
L5 0,0 50,0 30,2 27, 10,6 366.7 131.6 118.5 16,7 3.6 5.6
% o0 250 LBk 25,2 15,5 650,0 118,4 186.,0 8,3 35,7 5.3
BT 2.4 362,5 20,2 33.3 19,1 96,7 513.2 120.1 8,3 0,0 %k
8 0,0 156,3  B.1 20,8 15,5 533,3 131.6 68,2 42 0.0 8,1
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_'Eéf = g Hx faCr CoHx CrxCulx e Ox Mg Cx M Cx Wi Hx Ph Hx IPn Hx

L, AN 56.3 52.L 25,2 16,0 600,0 92,1 306.5 15,5 0.0 e 1
50 0.0 100,60 5,1 12,6 11,5 800,0  197.4 112,0 0,0 3,6 3,8
5l 0.0 136.9 22,2 12,6  U.9 B00,0 225.0 225.0 0,0 0.0 Be1
B2 2, 3929 20.2 63,3 17,6 1000,0 725.5 125.0 29,2 0.0 9.4
53 0.0 273.8 L. 6,8 7.1 733.0 550,0 250,0 0,0 0,0 T.h
b 0,0 21,7 78,6 22,9 8.9 T733.0 212,5 325.0 2h9 0.0 T.5
55 1.2 23,8 L2,3 45,8 12,3 933,3 262,5 153.8 33,3 0.0 043
56 Te2 261.9 16.1 22,9 16,0 1000.0 312,5 225,0 &,3 0,0 7,8
57 L8  21L,3 26.2 29,2 25,0 616,7 900,0 129,8 20.4 0.0 9L
58 0,0 2024 2L.2 20,8 B.,9 666,7 558.5 150,0 8,3 0,0 6,3
59 0.0  833.3 22.2 20,8 13.L 766, 7 612,3 162,5 &.3 0.0 6.3
60 0,0 1548 12,1 20,8 14,2 350.C 325.0 67.3 L2 0.0 5.5
€1 0,0 11.9 38,6 8,5 0,9 281.3  37.5 158,3 0.0 0.0 5,9
62 2el4 178.6 33,° Lo,e 17.8 718,88 237.5 341.5 17.0 58,6 8,8
63 0.0 160,77 0.0 17.9 9.0 3125 325.0 16,2 L3 0.0 8,2
6 0,0 29.8 18,4 22,3 5.1 93,8 237.5 12,2 8,6 0.0 5.9
65 0,0 B1.7T 7o 1709 849 LBhY 125.0 6.1 0.0 0.0 5,3
65 0,0 1548 18,4 37.9 10.7 23LL  162,5 90,9 21,6 0,0 7.9
67 0.0 0.0 0,0 17.9 98 515,6 12,5 27.6 0.0 0.0  §,1
66 2,4 279.8 11,0 11,2 20,5 1406,3  550,0 51,2 12,9 0.0  1h.L
69 2ol 23.8 1he8 15,6 16,0 296,9 1750  T79.5 12.9 0.0 Leo
70 0,0 303.6 18,4 13.4 1.6 B78.1 L450,0 219.5  L.3 0,0 Se7
71 0.0 250,0 20,2 2h,6 3.4 S78.1  L12.5 135,77 8,6 0,0 5,7

285,7 1.7 26,8 21,4 500.0  187.5 108,9 L.3 0.0 3.9

3.5
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SATLE
. Noe Az Ca Co Cr tu Fe Mz Mn N Pb Zn

73 11,6 369.0 23.9 31,3 5l.6 3161,8 2625,0 215.9 25,9 0,0  31.3
T4 040 101.2 12,9 13,k 6,0  640.6 150.0 181,8 0.0 23.3 S0l
5 0,0 142,9 0.0 1.2 kL5 468,88 175.0 42,2 0.0 0,0 3.4
76 0,0 202.L 3.7 15.6 6,2 L66,7 337.5 1054 k.3 0.0 2.8
77 0,0 315.5 12,9 20,1 7.1 343.8 337.5 35.7 8.6 0.0 b5
T8 0.0  172.6 294 15.6  ©.9  B812,5 237.3 306,8 L,3 6.7 3.9
79 0,0 23,8 51,5 26,0 10,7 500.0 200,0 150.0 21,6 6,7 3.1
80 0,0 0,0 22,4 15,6 G8.9 703.,1 12,5 193,2 0.0 3.3 2,8
81 0,0 35,7 2h.3 15.8 9.8  655.,2 125,0 166,7 12.9 10.0 540
82 0,0 178.6 11.2 8,9 8.9 602,4 550.0 85,0 0,0 0,0 4.3
83 2,7 119,0 18,7 22,3 17,6 1189,7 525,0 160,0 21.6 0,0 5.6
8l 0.0 17,9 26,1 8,9 Tl 362,1 37.5 125.0 L.,3 6.7 50
85 Seh 190.4 9.3 3. 7.1 B3h.5 200,0 T7.5 0.0 0,0 5e9
86 G,0 22,6 27,8 11,2 L.5  689,7 287.5 226,2 0.0 0.0 5.3
87 C.0 B8 9,3 22,3  To1  517.2 250,00 60,0 12,9 0,0 5.0
88 0.0 142,99 T.5 29,0 7,1 34L.8 2155 22,5 L.3 0.0 5.3
89 12,2 1.7 L1.0 22,3 53,0 568,9 125,0 166,77 12,9 6.7 5.9
30 0,0 0,0 1h.9 15,6 7.1 551.7 25,0 T5.0 8.6 3.3 B3
91 2,7 65,5 16,8 26,8 13,4 2116,7 0850,0 100,5 3Le5 6.7  15.1
92 0,0  53.6 0.0 kL5 5,3 366,7 100,0 27.2 0.0 0,0 56
93 049 Qo0 0.0 67 8,9 L4E3,3 25,0 125,0 0,0 6.7 5a0
ol 0.0 59,5 18,7 20.1 10.7 966.6 175.,0 68B2,9 25.9 26,7 5a6
95 0,0 154,88 39.2 2L,6 6,2 4L83,3 937.5 L8.8 17.2 0,0 4,3
26, 0.0 1.9 22.4 15,6 9,8 333,3 25,0 1114 0.0 6.7

L.3
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:-;i';.d N Ag 'x CaCx CoHx Cr I x Culx Fe Cx Mg Cx IMn Cx ki Hex Pb Hx 2n Cx
97 3.0 172,6 T70.9 1142 12,7 T783,3 15C,0 329.3 8.6 20,8 5,6
98 0.0 214,3 3.7 B9 8.2 Loo,0 225,0 60,9 0.9 0©.C 5,9
<9 0,0 o0 13.1 13,1 10,7 2167 37.5 97T.6 L.3 6.7 5.9

100 0,0 95,2 7.5 22,3 9.0 600,00 15C.0 121.9 8.6 0.0 6.9

101 1.5  b1.T 254 33,5 12,1 362,1 T5.C 102,2 12,9 13.3 3.8

102 3.2 0.0 1059 17,8 1742 965,5 50,0 500,0 51,6 43,2 5,6

103 0.0 595 12,7 22, T80 348 150,C  3he1 8,6 0,0 5,0

104 0.C U1.7 Le2 13.4 6,0 LB2,8 150,0 23.8 0.0 0.0 3,0

105 0.0 Oe0 he2 GaT 12.9 379.3 00 BeT 0,6 0,0 Lo3

106 0,0 Co0 10,6 15,6 B,6 1724 25,0 23,8 0,0 C.0 4,3

107 3.2 U524 1941  33.5 15,5 913,86 550, 96,6 17.2 0,0 5.6

106 143 53.8 8L.T 32,5 46,6 T2he1 87,5 L4T6.,2 30.0 23.3 5,0

1€9 0,0 5.9 B 15,6 6,9 327.6 137.5 53,9 0.0 0.0 L6

110 Co0 65,5 L4B,7 35,7 11.2 08C2.,1 125.C 559.5 8.6 13.3 5.3

111 G0 0.0 27,5 1142 846 232,11 13,2 U47.6 0,0 3.3 5.7

112 1.5 22,7 25,4 46,92 12,9 L10,7 39,5 952 1.2 1u.0 5,3

113 3.2 22,7 12.7 35.6 20,7 357.1 13.2 83,3 8,6 6,7 6.0

114 CeO 0,0 50,8 17,8 103 SL64 92,1 392,9 17.2 23.3 9.1

115 0.0 060 0,0 LeS 5.2 303.6 )e O 0,0 0.0 0,0 5,3

116 3.2 102,3 52,9 317 1742 101749 8947 119.0 193.9 C.0 5,3

17 3.2 56,8 50,8 37,9 15,5 171.4 157.9 LT7.6 12.9 23.3 6.3

110 0.0 45,5 80,5 Lo.2 13,0 625,0 157.9 178.6 17.2 2C.C 6,0

119 040 56,8 12,7 2041 12,5 T1he3 19T.4  59.5 k.3 ©.0 6,0

120 00 22,8 12,7 22,3 7.6 267,99 1974 LT7.6 2.9 0.0 L9
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A Hx Ca Cx Co Hx Cr

123

125
126
127
126
129
130
131
132
1J3a
133b

134
M35
136
137
138
139
140
141
12

13

3.2
3.2
7.9
9.5
3.2
3.2
0.0
3.2
0.0
4.3
L.8
0.0
00
0.0

0.0
0.0
3.2
L.8
0.0
0.0
0,0
0,0
0,0
1.5

96,6
22,06
228.,0
166, 7
178.6
L5.5
39,8

0.0

0,0
181.8

0.0
9646

0,0
26.7

56.8
3k
34,1
102,2
0,0
51.1
272,0
386.4
96.6
196,.9

et
22,7
13.6
131.8
29.5
29,5
18,2
40.9
18.2
175.0
273
13.6
Le5
38,6

13.6
18,2
18,2
86,4
13.6
T2.7
22,7

L7
18,9

9.5

x Ma Jix Me Cx Mg Cx Mn Cx Ni lix Pb Hx Zn (x
2940 1641 25040 U21,1  5T.6 52.4 3.b 645
33.5 13,4 166,7 2.4 23,3 2Lh.2 6,7 3.9
37.9 27,7 8333 L421.1 U9.0 6L.S 6.7 7.2
379 3241 900,0 144.7 L30.2 403 37.2 5.9

252,2 17.9 120,0 1460,5 95,6 169.4 ©.0 3,9
33.5 15,2 666,7 565.8 33,1 12,1 20,0 7.9
17.9 64,3 533.3 302,6 139,5 12,1 3.4 L3
51.3 12,5 L416,6 26,4 67.4 8,1 60,8 3,3
57,0 10,7 550,0 52,8 139.5 12,1 10,1 39
120,5 LleB 1516,7 L21,1 B60.5 116.9 50.7 5.6
51,3 20,6 576.9 26,4 186,0 16,2 64,2 3.7
15.6 10,7 692,3 236,8 68,6 12,1 0,0 k.1
1709 1047 288,5 105.3 51.5 £€.,1 0,0 3.k
5040 11,6 2423,1 1289.5 162,868 40,3 0,0 15,5

(o9 Te2 538.5 1hke7 313.9 L0 0,0 L1
a6 11,6 653,86 65,8 232,5 8.1 6,7 Lo7
22,3 143 1000,0 631.,6 LO.L 8.1 13.3 10,8
22,3 21,5 1615.4 315.6 1093.0 40,3 L0O,0  L.7
2L 6 G40 903,8 39,5 104.7 12,1 10.1 L7
T5:7 9.0 807,7 T36.8 279.1 326,6 0,0 Sl
22e5 a3 U61,5 197.4 197.7 12,1 3.7 L1
Ue2 a3 685,2 T10,5 10,0 12,5 6,7 L.
17.¢ 843 LB1,5 289,5 125,0 16,2 3.4 L.k
17.5 1243 Tho.7 381.6 62,5 16,2 0,0 L.7
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[P - e, m e R — - —

ST TE
G Mg Hr CaCx Cox G lxCulixleOx MgOx Mn Co HNi Iz Pbh Ux 2Zn O

ek . s -~ —————

1y 0.0 28,4 16,5 17,8 1C,0 1019,0 92,1 204.5 8.1 3.4 Loh
145 0.0 28,k 23,6 62,5 10,0 L8084 16,4 57.0 12,1 3.4 Lot
6 0.0 3h.1 2 13,4 5.8 k81,5 197,Lh 125.0 L,0 3.4 6.8
M7 0.0 125,00 28,4 31,3 1.7 T03.7 L2114 €1.3 36,3 3.4 6.4
W8 2,9 56,8 354 26,8 14,2 333.3 289.5 51,5 56,3 3.4 L.
WS 2,9 238,6 L7 22,3 HB.3 500.0 289.5 @ 36.8 12,1 0,0  L.7
150 0,0 380.7 51.9 35,7 21.5 1203.0 4L86.8 3k.1 36,3 0,0 5eT
151 0,0 28,4 18,9 1T.B 9.2 156,326 G8.8 8.1 0,0 3,5
152 0,0 22,7 51,9 22,3 13,4 10313 79,2 1011.L 32,4 78,8 U,8
153 0,0 107.9 0.0 8,9 6.7 35%4 210.5 35,0 L0 0.0 4.5
15 2,9 332,9 35,4 11,2 12,5 6094 539.5 193.2 20,2 6.7 6,3
155 0,0 301,11 18,9 26,8 15,8 1015.6 1026,3 90.0 L0,3 0,0 7.3
156 0,0 79,5 1.8 20,0 L.z 562,5 631,5 100.0 20,2 0.0 3,5
157 0.0 187.5 16,5 17.8 3.4 ULB3.0 250,0 78.8 8.1 0.0 31
156 5.0 232,9 21,2 51,3 2h.2 T718.8 263.2 96,3 12,1 0,0 L,2

[ P W LR

T = 3amples taken along Tsarets/New Project road

]
"

Samples tzken from Zurzurfa II
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Ty s e Ty T [T P 1 -
Kudalu,/New Frolect road

e e - T ks L L LTI T ,__.,.‘....__.._1

Thin scction No Rock Type Locality i
- - Nl s e Ec——— o ;

DB 12 serpentinite Outerops along Tunsane i

L

DB 12a Serpentinite "

DB 19 Epidcte~quartz rock Abcut 6 km south west
of Tsareta ridige,

DE 14 ' Hornblende~Lamprophyre Within outcrops of

serpentinite a2tong New
Project road,

DB 92 § Quartz=Lreccia About 6 km scuth=west
of Tsareta ridpe,

DB 37 Banded=-iron formation About 1% km northe-east
of Tungan Kudaku/Hew
Project road junction,

DB 100 Banded=iron formation About tkm BSE of the
Tsareta/New Project
road Junction,

DB 106 Metaconglomerate About 2 km east of
Tungan Kudaku/ifew
Prcject ruad junction,

DB 115 Amphibole rich rock Within outcrops of
serpentinite along
the New Project road,




